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Preface 


The fanners of the United States have dissipated the native fertility 
of their soils i lore rapidly than have the farmers of any other country. 

They turne i many of their semiarid prairie lands into cultivated 
fields. The wind in turn removed millions of tons of this loosened soil 
and distributed it over land and sea. 

The hillside sods have been plowed and the loosened soil has been 
washed to lower grounds and to the sea. The delta of the Mississippi 
river is the largest of its kind in the world. 

They have removed (in crops) the minerals from the land and have 
moved westward in search of newer, still fertile soils. Thus the prairies 
of the semiarid regions were exploited and many of them ruined for 
agriculture. 

They have drained and cropped the marshes. In a period of fifty years 
several feet of organic matter have been lost, largely through oxidation 
(burning) from these peat and muck soils. In some cases the oxidation 
was caused by man-created fires, but, in most cases it was a natural con¬ 
sequence of admitting more air (oxygen) to the soil through tillage. The 
first type of burning is almost criminal in nature insofar as our natural 
resources are concerned. The second type of burning is a result of ordi¬ 
nary farming procedures. Some of this oxidation is necessary in all 
farming operations. Much of it can be prevented by careful farming 
practices. 

Ohio's Paulding County clay soils that originally weighed approxi¬ 
mately sixty-five pounds per cubic foot now weigh eighty-two pounds 
per cubic foot. Thus, havoc is also rampant on heavy soils. 

According to the best authorities, we have enough coal to last at 

least 3,000 years, but if we continue to exhaust the fertility of our soil 

during the next hundred years as rapidly as we have during the past 

hundred years, we will not be able to produce enough on our own soil 

to feed 130,000,000 people at the end of another one-hundred-year pe-‘ 

riod. This certainly leaves us little hope for using agricultural products 

for the manufacture of motor fuel. Incidentally, it would require all 

our good crop land now to supply all our motor fuel if other sources 
were eliminated. 

Authorities are agreed that it requires approximately two and one- 
half acres of land per capita for adequate nutrition. We have three and 

V 



vi 


PREFACE 


one-half acres per capita in the United States but only two acres per 
capita for the entire world. Thus, many people starve each year in 
certain sections of the world. 

This is not a very rosy picture of agriculture. However, the case in 
this country is not hopeless. In some limited small areas, for example, 
Aroostook County, Maine, and similar farming areas, the soil fertility 
has been maintained and even enhanced over a long period of years. 
This is true in some instances on hilly soils. What has been accom¬ 
plished in these areas can be duplicated in larger areas once we awaken 
to the need. Right now agricultural agencies throughout the nation are 
doing a fine job of educating farmers in preventing soil erosion and 
conserving moisture—our two most important present day problems. 

In other fields of agriculture progress is far more rapid. In fact the 
progress has been so rapid that the danger of depleted soil fertility has 

been masked. 

Some idea of this effectiveness can be obtained from a recent state¬ 
ment of the National Research Committee. In 1789, the surplus food 
produced by 19 farmers was adequate to feed only one city person. By 
1937, our efficiency had increased to the point where 19 people on the 
farm produced sufficient surplus food for 56 city people and 10 persons 
living abroad. Actually, we now produce enough, but not too much, as 

is evident from our present all out effort. 

Some of the technological advances which have aided us in achieving 
these goals are of interest. Discoveries that eliminate wasteful practices 
are of major importance. Quick capital turnovers and the elimination 
of excess labor costs are axiomatic for success in our present-day agricul¬ 
ture. In vegetable production we have learned not to attempt to grow 
certain vegetables under certain environments. Most cabbage, onion, 
beet, and celery varieties will produce seed stalks, not edible parts, if 
grown at a temperature of 45° F. rather than at 60° F. Seedsmen, there¬ 
fore, select 45° F. environments and commercial vegetable growers 
60° F. Both groups frequently aid nature by utilizing hotbeds and 
greenhouses, conveniences of present-day agriculture. By using im¬ 
proved cultural and fertilizer practices and new varieties, our commer¬ 
cial potato growers secure yields of 400—700 bushels per acre compared 
to an average yield of 100 bushels per acre where antiquated methods 

are employed. 

In the greenhouses, tomato fruits without seed are produced by chem¬ 
ical stimulants even when pollen is not effective. Seedless melon, pep¬ 
per, and eggplant fruits produced in a similar manner are in consider¬ 
able demand. Seed is used as a practical means of reproduction of most 
vegetables, though the potato, the world’s most important crop, is pro¬ 
duced almost exclusively by vegetative means. 
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We are now able to grow plants without soil. If the roots are an¬ 
chored in gravel, cinders, or Haydite we call it water culture. The term 
hydroponics is used if the roots are submerged in the nutrient solution, 
and we have coined the word aeroponics where the roots are grown in 
air and kept continuously moistened by atomized nutrient solutions. 
The basic truth evolving from all studies with water culture is that 
roots must have oxygen. We have known for years that excessive mois¬ 
ture in. soils was fatal to many of our cultivated crops and that toxic 
substances were produced because of poor drainage. Now, thanks to 
water and related culture, we know that roots must have oxygen as 
well as moisture. We know that the fertilizing materials will not be 
absorbed by the roots unless oxygen is available, and that most roots 
will grow in water if the water contains 2 to 18 parts per million of 
oxygen. We know that one of the chief advantages of gravel, cinder and 
Haydite culture is that a complete change of air around the roots is 
effected as often as the solution is pumped from the supply tank to the 
growing bench. This is usually twice daily. 

We have also learned much during the past two or three years about 
the best concentration of dissolved chemicals and the best relative pro¬ 
portions of some fifteen or twenty chemical elements. Some of these 
new facts are just now finding a use in general agriculture. 

When carbon dioxide, another chemical, is added to the air in stor¬ 
age rooms, it is possible to keep fruits and vegetables and retain their 
quality better at a temperature of 45° F. rather than the more costly 
temperature of 32° F. 

All of the credit for advances made in our agricultural methods 
should not be assumed by the present generation. A high state of civili¬ 
zation and a well-developed agriculture existed many years ago. Theo¬ 
phrastus, writing about 250 b.c., described many cultural practices 
which have only recently been rediscovered. Cato described well- 
planned and economical farming procedures. Irrigation in Egypt was 
practiced at least 4,000 years ago. Theophrastus described the growing 
of onions by the transplanting method (250 b.c.). In our day (1893), 

Greiner redescribed this method in a book entitled The New Onion 
Culture. 

However, most of the civilization of 2,000 years ago seems to have 
been destroyed. Only recently have some of the most important writings 

been translated and made available—and much of this after the re¬ 
discoveries mentioned. 

We should not become satisfied with our accomplishments. Neither 
should we believe that all of our frontiers are gone. Quite the opposite 
is true. Right now we are embarking on a program to produce certified 
foods adequate for any emergency. This prograni involves breeding for 
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the concentration of the most healthful food constituents. It also in¬ 
volves a study of all new developments and machinery to see what place 
they may have in agriculture. The future of agriculture is destined to 
prove more profitable to humanity than the past. 

In preparing this book, the authors attempt to describe fundamen¬ 
tal, up-to-date practices in a condensed form for students and for farm¬ 
ers who grow vegetables commercially. Special emphasis is placed on 
economical procedures in an effort to help growers produce healthful 
vegetables at a price which will place these vegetables within the reach 
of all. A brief history and description of each vegetable is given for 
the benefit of students interested in the academic phases of vegetable 
production. 

The authors wish especially to thank Dr. E. K. Alban for the de¬ 
scription of vegetable plant characteristics and Wilbert Schaal for 
editing the entire book. Credit is also due Alvin Moll, J. H. Gourley, 
A. C. Thompson, Virgil Overholt, C. J. Willard, and students at Ohio 
Slate University for editing a number of chapters, and also Marge Galer, 
who typed a major portion of the book. 

H. D. Brown 
Chester S. Hutchison 
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chapter I 

» 

The Importance of Vegetables 



The word vegetable, somewhat like the word fruit, does not 
have an absolutely definite reference to plant structure. Vegetables 
do, however, constitute a very definite class of horticultural plants, 
grouped and defined on the basis of their use. A vegetable, in the 
horticultural sense, is an edible herbaceous plant or part thereof 
that is commonly used for culinary purposes. This corresponds 
very closely with the dictionary and legal definitions. One could, 
however, find plenty of exceptions even to this broad classification, 
but it is reasonably adequate. It is obvious that the edible portions 
of vegetables may be the fruits, buds, foliage, stems, tubers, roots, 
or various other parts of the plants. Thus defined, both fruiting 
and vegetative parts are included. The word vegetable should not, 
therefore, be confused with vegetative parts. 

Over a thousand species of herbaceous plants are frequently or 
regularly eaten in this world and are properly classed as vegetables. 
About sixty are commercially important in the United States. Most 
of these plants belong to the highest division of the plant kingdom, 
the spermatophytes. Mushrooms, however, belong to the lowest 
division, the thallophytes; and ferns, which are frequently eaten, 
belong to the pteridophytes. 

Some vegetables have little or no commercial value. Others, such 
as the thickened portion of orchids, are eaten only in limited lo¬ 
calities. The potato, on the other hand, is the world’s most impor¬ 
tant crop both from the standpoint of money value and tonnage. 
The potato is eaten in most civilized countries, but is almost en¬ 
tirely replaced by other vegetables in several tropical countries. 

Production. Statistics concerning the world production of most 
of our vegetables are not available. It is, however, interesting to 
note from available data that vegetables (figures are specific for 
potatoes) are consumed in far greater quantities in the thickly 
populated foreign countries than in the United States. Germany’s 
potato crop prior to World War II represented about 30 per cent 
of its total crop production. About twenty-five bushels of potatoes 
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were produced per capita in Germany and neighboring countries. 
In the United States, the potato crop represents only about 5 per 
cent of the total crop production. In spite of this fact, Stuart ^ says 
that even in the United States the potato is second only to wheat as 
a crop for human food. Due to extensive plantings in foreign 
countries, more bushels of potatoes are produced in the world 
than any other single crop, and they rank “second only to rice as 
a world food crop.’’ The acreage and value of the principal food 
products (other products included for comparison) are given in 
Table 1. 


TABLE 1 

World Production of Principal Food Products 


Product 

Acreage or 
Number 

Production 

Value dollars 

Potatoes (1939). 

Wheat (1939). 

52,036,000 

406,000,000 

218,000,000 

196,800,000 

141,500,000 

294,500,000 

699,900,000 

8,072,120,000 Bu. 
6,200,000,000 Bu. 
5,107,000,000 Bu. 
7,192,000,000 Bu. 
4,400,000,000 Bu. 
220,875,000 1 hogs 
174,975,000 2 cattle 

8,072,120,000 (SI perbu.) 
6,200,000,000 ($1 perbu.) 
5,107,000,000 ($1 perbu.) 
7,192,000,000 (SI perbu.) 
2,200,000,000 (50( per bu.) 
2,208,750,000 (SlO.head) 
6,999,000,000 (S40. head) 

Com (1939). 

Rice (1939-40). 

Oats (1939). 

Hogs (1931-35 ave.). 
Cattle (1931-35 ave.-) 

1 


1 Based on estimate that 75% of hogs were sold 
* Based on estimate that 25% of cattle were slaughtered 
U.S.D.A. Agr. Slat. 1943 


The tremendous growth of the vegetable industry during the 
past few years is of interest because it is the chief criteria for pre¬ 
dicting future trends. The entire industry has made a steady 
growth and a few vegetables such as head lettuce and spinach have, 
within a few years, grown from insignificant crops to crops of 
major importance. In 1907, only a few cars of head lettuce were 
shipped from one section of the country to another. By 1930, 
nearly 55,000 cars were shipped. A considerable portion of the 
recent growth is no doubt due to the increasing knowledge of the 
value of the mineral and vitamin contents of vegetables. (See 
chapter 2.) The development of new and suitable regions of pro¬ 
duction, the perfection of transportation, cooling and storage 
facilities, new equipment, the growth of the canning and freezing 
industries, and the development of new and more suitable varieties 
of vegetables have all helped the producers and middlemen to 


1 Stuart, William, The Potato , J. B. Lippincott Co. 













THE IMPORTANCE OF VEGETABLES 

place the products before the consumers throughout the year. In 
this way. they secure a more uniform and more extensive distribu¬ 
tion for a greater quantity of vegetables. 

The figures in Table 5 show that the vegetable acreage increased 

even during the depression following World War I though there 
was a decrease in the total acreage of farm crops. In spite of this in¬ 
creased acreage during the depression, the total value of vegetables 
did not decline nearly as much as that of most other farm products. 

(See Table 2 for more recent data.) 


TABLE 2 

Acreage, Production, and Value of Vegetables Grown in the 

United States 



10 Year 
Average 
1933-1942 

1943 

1944 


Tons 

Tons 

Acres 

Tons 

Value dollar 

Truck crops. 

6,380,000 

6,697,000 

1,872,720 

7,859,400 

, 523,322,000 

1 

Vegetables for 






processing. 

3,703,180 

5,059,790 

1,937,930 

5,419,600 

187,509,000 

A ^ 

Potatoes. 

10,887,360 

13,949,970 

2,909,800 

11,383,080 

547,118,000 

Sweet potatoes. 

3,015,460 

2,201,400 

771,200 

2,149,530 

132,774,000 

A 

Dried beans. 

756,000 

1,046,100 

2,057,000 

806,400 

93,426,000 

Dried peas. 

157,400 

543,500 

695,000 

443,650 

39,064,000 

• 

Total. 

23,899,400 

29,497,760 

10,243,650 

28,061,660 

1,532,213,000 


Bur. Agr. Econ. U. S. Dept. Agr. 


In 1941, Michigan, California, New York, and Colorado were 
the four leading vegetable crop-producing states in the United 
States from the standpoint of total acreage of truck crops, potatoes, 
and dry edible beans. These are followed in order by Wisconsin, 
Texas, Minnesota, Indiana, Idaho, Georgia, New Jersey, Pennsyl¬ 
vania, New Mexico, North Carolina, Florida, Maryland, Maine, 
Virginia, Louisiana, Ohio, and Illinois. 

These figures do not include vegetables grown by market gar¬ 
deners or victory gardeners. It was estimated that there were 
8,000,000 tons of vegetables grown in victory gardens in 1943. 
This was probably reduced to 7,000,000 tons in 1944. Supplemen¬ 
tary figures released by the Bureau of Agricultural Economics 
estimate that 4,736,000 tons of vegetables were grown by market 
gardeners in 1943. Assuming a similar figure for 1944, the total 
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tonnage for 1944 would be approximately 39,797,660. Assuming 
equal values per ton for victory garden, market garden, and truck 
garden crops, the total value of all vegetables grown in 1944 would 
be approximately $2,300,000,000 or the equivalent of $17.00 for 
every man, woman, and child in the United States. 

TABLE 3 


Acreage of Vegetables for Market and Canning, Dry Edible Beans, 

Sweet Potatoes, and Potatoes in 29 States, 1941 


State 

Vegetables for 
market and 
for canning 

Dry edible 
beans 

Sweet 

potatoes 

Potatoes 

Total 

Michigan. 

90,530 

741,000 


182,000 

1,013,530 

California. 

486,660 

406,000 ' 

12,000 

39,000 

943,660 

New York. 

192,020 

167,000 


187,000 

546,020 

Colorado. 

62,180 

279,000 


64,000 

405,180 

Wisconsin. 

224,500 

5,000 ^ 


158,000 

387,500 

Texas. 

258,600 


60,000 

61,000 

379,600 

Minnesota. 

108,410 

4,000 


215,000 

327,410 

Indiana. 

208,890 


3,000 

51,000 

262,890 

Idaho. 

15,920 

118,000 


122,000 

255,920 

Georgia. 

109,230 


105,000 

25,000 

239,230 

New Jersey. 

158,980 


15,000 

56,000 

229,980 

Pennsylvania. 

71,100 



158,000 

229,100 

New Mexico. 

3,120 

220,000 


4,000 

227,120 

North Carolina. 

67,570 


80,000 

79,000 

226,570 

Florida. 

166,900 

1 

18,000 

30,800* 

215,700 

Maryland. 

167,260 


8,000 

20,000 

195,260 

Maine. 

16,700 

9,000 


157,000 

182,700 

Virginia. 

71,700 


33,000 

76,000 

180,700 

Louisiana. 

36,800 


85,000 

43,000 

164,800 

Ohio. 

75,530 



87,000 

162,530 

Illinois. 

119,820 


3,000 

36,000 

158,820 

South Carolina. 

71,920 


55,000 

26,000 

152,920 

Alabama. 

19,060 


94,000 

56,000 

150,000 

Iowa. 

55,270 


2,000 

56,000 

113,270 

Washington. 

60,510 

5,000 


40,000 

105,510 

Mississippi. 

21,620 


68,000 

23,000 

91,000 

Oregon. 

41,970 

1,000 


35,000 

77,970 

Arizona. 

58,430 

13,000 


3,100 

73,530 

Delaware. 

39,190 


3,000 

3,900 

43,090 


A somewhat different ranking is obtained if the value of vegeta¬ 
bles including potatoes, sweet potatoes, and dry edible beans are 
considered. (See Table 4.) The acreages of truck crops, potatoes, 
sweet potatoes, and dry edible beans for some of the important 
producing states are shown in Table 3. 
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More hothouse vegetables are grown in Ohio than in any other 
state in the union. Ohio has approximately 600 acres under glass, 

representing an investment of over |32,000,000. An annual return 

* 

TABLE 4 

Value in Dollars of Vegetables for Market and Canning, Sweet 
Potatoes, Dry Edible Beans, and Potatoes in 32 States, 1941. (000 

omitted) 


State 

Vegetables 
for market 
and for 
canning 

Sweet 

potatoes 

Dry edible 
beans 

Potatoes 

Total 

California. 

98,862 

1,725 

27,494 

14,247 

142,328 

New York. 

28,481 


8,427 

22,971 

59,879 

Michigan. 

14,333 


28,530 

13,614 

56,477 

Florida. 

36,112 

1,346 


3,160 

40,618 

Maine.. 

1,105 


576 

32,664 

34,345 

New Jersey. 

22,637 

2,340 


6,734 

31,711 

Texas. 

17,433 

4,860 


5,133 

27,426 

Pennsylvania. 

8,935 



17,664 

36,599 

Idaho. 

1,743 


6,608 

14,274 

. 22,625 

Colorado. 

8,123 


5,187 

6,702 

20,012 

Wisconsin... 

10,995 


150 

8,052 

19,197 

Indiana. 

12,762 

429 


4,498 

17,689 

Ohio. 

7,049 



8,810 

15,859 

North Carolina. 

3,971 

6,192 


5,110 

15,273 

Minnesota. 

4,863 


112 

9,632 

14,607 

Maryland. 

11,961 

1,092 


1,440 i 

14,493 

Washington. 

7,303 


294 

5,124 

12,721 

Virginia. 

4,490 

2,673 


5,187 

12,350 

Arizona. 

11,756 


219 

262 

12,237 

Georgia. 

4,257 

6,520 


972 

11,749 

Oregon. 

6,088 


55 

5,381 

11,524 

Alabama. 

1,018 

7,050 


3,136 

11,204 

South Carolina. 

4,156 

3,740 


2,191 

10,087 

Mississippi. 

1,801 

6,460 


980 

9,241 

Illinois. 

5,527 

254 


2,786 

8,567 

Louisiana. 

2,570 

4,208 


1,574 

8,352 

Tennessee. 

2,031 

3,964 


2,187 

8,182 

North Dakota. 




6,936 

6,936 

Iowa. 

1,974 

276 


4,227 

6,477 

Missouri. 

1,922 

778 


3,093 

5,793 

Utah. 

2,550 


178 

1,047 

3,775 

Delaware. 

2,214 

397 


225 

2,836 


of more than $8,000,000 is realized by the production of vegetables 
under glass in Ohio alone. 

It is not possible to get reliable indexes of the value of vege¬ 
tables grown by market, home, farm, victory, and industrial gar- 
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deners. It is safe to assume, however, that these values are largest 
near the great centers of population. One of the goals of the World 
War II victory garden programs was a vegetable garden on every 
farm in America. 

Vegetable growing includes home gardening, market gardening, 

TABLE 5 


Acreage of Principal Vegetables in the United States. Other 

Crops Included for Comparison (000 omitted) 


Crop 

Acreage 

1919 

Acreage 

1929 

Acreage 

1941 

Acreage 

1945 

46 farm crops. 


367,083 

98,018 

61,141 

8,102 

99 

337,789 
86,089 
55,831 
11,581 1 

88 

346,974 

91,202 

64,740 

13,243' 

93 

Corn. 

87,772 

73,099 

5,531 

30 

Wheat. 

Veeetables. 

Asparaorus . 

Beans (snap and Lima). 

72 

134 

328 

390 

Beans(drv). 

1,162 

124 

1,840 

157 

2,085 

182 

1 1,571 

219 

Cabbasre .. 

Cantaloupes. 

78 

107 

126 

85 

Cucumbers . 

52 

112 

149 

144 

Lettuce. 

22 

141 

158 

173 

Onions. 

64 

87 

95 

140 

Peas . 

104 

297 

450 

522 

Peppermint. 



33 

108 

Potatoes. 

3,252 

10 

3,370 

2,733 

2,824 

Spinach. 

73 

77 

102 

Sweet corn fc^nnins). 

272 

331 

428 

475 

Sweet potatoes. 

804 

646 

759 

709 

Tomatoes. 

316 

434 

656 

824 

Watermelons. 

159 

204 

268 

262 

Farm orardens *. 

3,446 

3,400 

1,954 

1,954 

2,000 

’T'nirlr rrnnQ—total . 

1,469 

3,270 

3,814 

Market (21 crops). 

1,679 

1,901 

M^anufacturincr (11 crops). 



1,590 

1,913 





* Includes estimate for farm gardens and relief gardens but no adequate figures for market gardens. 

* &timates do not include relief gardens. 


truck gardening, vegetable forcing, seed production, and canning 
crops production. All of the above phases of vegetable growing ex¬ 
cept that of home gardening involve attempts to produce vege¬ 
tables on a commercial scale for profit. 

Market gardening. Market gardening is the growing of an as¬ 
sortment of vegetables for a local market. 

Truck gardening. Truck gardening is the growing of a limited 
number of crops for a distant market. The improvement of trans- 
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portation facilities has made the distinction between these two 
types of gardening more difficult. By the use of high speed motor- 
driven trucks on hard surface roads, it is possible to deliver an as¬ 
sortment of vegetables to consuming centers even though the gar¬ 
dens are located several hundred miles away. It is also true that 
many growers specialize in the production of a few rather than an 
assortment of vegetables, even though they are located within a few 
miles of large consuming centers. The difference between these 
two classes of gardeners is also made less striking by the fact that the 
products of gardeners may be sold through individual or associa¬ 
tion activities in distant as well as local markets. 

The location of trucking regions is dependent to a large meas¬ 
ure on soil and climatic conditions in regions which are accessible 
because of adequate transportation facilities. In addition, it is usu¬ 
ally essential that a group of gardeners agree to raise specified vege¬ 
tables in order to make it possible to grow sufficient produce for 
car lot shipments in order that the shipping costs will be reduced 
to a minimum. 

Vegetable forcing. Vegetable forcing is the growing of vegetables 
during other than their normal seasons under forcing structures. 
These structures must admit light and produce favorable environ¬ 
mental conditions in order to permit the normal development of 
plants. Glass is used almost exclusively for forcing purposes. This 
type of vegetable growing is a highly specialized branch of agri¬ 
culture. 

Canning crop production.-Canning crop production is the grow¬ 
ing of vegetables for canning purposes. It differs from truck gar¬ 
dening in that no attempt is made to secure an extra early crop. 
The vegetables are usually sent to the cannery in containers fur¬ 
nished by the canning factory managers without any special atten¬ 
tion to packing. Production costs are thus relatively low. Tomatoes 
grown for the cannery are allowed to ripen on the vines, though 
those grown by truck gardeners are often picked while they are 
green but fully grown. Air transportation will possibly enable 
growers in distant producing areas to harvest for market purposes 
the more desirable fully ripened fruits. 

Canning crop production and truck gardening enterprises are 
frequently located on low priced land, and market gardens are 
usually located on high priced, highly fertile soil. 

Home gardening. Home gardening is, as the name indicates, the 
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growing of vegetables for family use. Home gardening may be 
classed as city, suburban, farm, or community gardening. The dif¬ 
ference between the first three is largely a difference in size and 
location, the smallest gardens being usually located in the city and 
the largest in the country. Community gardens, which may also be 
classified as municipal, school, industrial, and victory gardens, ac¬ 
cording to the motivating forces, are usually located on vacant 
areas of land near large cities within easy reach of the urban people 
for whom these gardens are maintained. It is estimated that the 
acreage devoted to this type of gardening in Ohio alone grew 
from almost nothing in-1929 to over 21,000 acres in 1931 and again 
in 1942, when victory gardening was in vogue. In 1929, over 365,- 
000 families in Ohio were provided with a portion of their food 
during a time when they would otherwise have had to do without 
vegetables due to lack of money or because of lack of vegetables. 
This type of gardening flourishes during depressions and wars, but 
is of little significance during business booms. 

Seed Production. The production of vegetable seeds is another 
highly specialized type of gardening. Climatic factors must be 
given due consideration in selecting seed-producing areas. Irriga¬ 
tion in otherwise arid districts provides excellent environments for 
the growth of seed which can be easily cured in the dry atmosphere 
after water is withheld. Certain vegetables will produce seed only 
if subjected to cool temperatures for certain periods of time. Ob¬ 
viously, these conditions are best provided near bodies of water in 
temperate regions. Seed-producing areas should be free from insect 
and disease pests, especially those that are carried or transmitted 
through the seed. 

Starting the business. Starting the gardening business does not 
present, any new or seemingly difficult problem to those who grow 
up on vegetable gardens and who, in the natural course of time, 
gradually or even suddenly take over the management and opera¬ 
tion of the gardens. However, to one who is not accustomed to the 
gardening activities, this is a very important problem. The grain 
farmer, the livestock farmer, the dairy farmer, the poultry raiser, or 
any other class of farmer is inadequately qualified and equipped, 
under usual conditions, for vegetable growing. It is not possible in 
a few weeks or even a few months to master the many different 
tasks which Confront the vegetable grower. The remuneration is 
adequate to those who master these tasks and who are able to pro- 
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duce something that their competitors are unable to grow. On the 
other hand, there is a much greater chance for failure because of 
the multiplicity of problems which must be met and solved. A de¬ 
tailed discussion of many of the problems which must be met will 
be given in the cultural recommendatipns which follow. There 
are, however, a few factors which are independent of cultural con¬ 
siderations. 

Personal fitness. The success of almost any venture depends first 
of all upon the ability of those in' charge to apply themselves 
wholeheartedly to the tasks involved. This cannot be done unless 
these individuals have an interest in and like their work. It is true 
that money profits are a source of great satisfaction and they doubt¬ 
less instill a greater interest and alertness in the recipients, but it 
is doubtful if any substantial money profits ever come to those who 
do not first have a keen interest in and delight in their chosen 
occupation. The task of determining special fitnesses is the most 
difficult task with which any individual is confronted. Only the 
individual can make the decision. It is doubtful if even the advice 
of friends is of much value in this respect. A market gardener’s son 
who has helped his parents raise and sell vegetables has naturally 
gained much experience of value, but he should by no means en¬ 
gage in the gardening business if he has acquired a dislike for it. 
A city boy who finds that he likes the business but who is totally 
ignorant of practical details is much more likely to succeed than 
the farm boy who dislikes gardening. 

There are numerous tasks in the gardening business which re¬ 
quire considerable manual effort. In spite of laborsaving devices, 
it is still necessary to thin vegetables and do some weeding by hand. 
Those who thoroughly dislike this type of work, should by all 
means, stay out of the gardening business. On the other hand, alert 
gardeners rarely engage in this type of work. If they are efficient, 
their services in other capacities are of far greater value. Boys are 
always eager to pull weeds when they receive proper remuneration 
for speedy and thorough work. 

Vegetable gardening as a rule involves considerable outside 
work, and no one who prefers office work should engage in it. 

Opportunities. Vegetable gardening is a broad field and offers 
much of interest to those who are awake to its possibilities. The 
number and diversity of crops present problems in culture, fer¬ 
tilization, pest control, packing, and marketing not known in other 
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agricultural pursuits. In order to capitalize on all possibilities, the 
gardener must have abundant experience and a broad training. 
He must know considerable about chemistry and plant pathology 
in order to know how to select, purchase, and apply insecticides, 
fungicides, and fertilizers. He should enjoy meeting and making 
friends with people. He should know something of the channels 
through which his produce is marketed and the packages which are 
most satisfactory, both legally and from a market standpoint. Some 
of our most successful growers also engage in buying and selling 
on a large scale in order to supply their trade during the entire 
season. This activity requires a stenographic force and the ability 
to write friendly business letters and to use the telephone and tele¬ 
graph services when necessary. A good grower should know some¬ 
thing of the food and health value of the products which he sells. 
(See Table 6.) This requires a knowledge of calories, carbohy¬ 
drates, vitamins, minerals, and other health-giving properties. Veg¬ 
etables are healthful natural foods. The consumption of these 
foods in larger quantities will make the people of the nation more 
healthful. Gardeners are rendering a service to themselves and to 
the buying public when they effect a wider and more generous use 
of vegetables. These are only a few of the various interests which 
occupy the minds of successful gardeners. If it is possible to derive 
enjoyment from engaging in these activities, you have an aptitude 
for the gardening business. The division of labor and the profits 
secured thereby result from efforts of individuals to produce things 
at which they excel. 

Where to gain experience. A certain amount of practical experi¬ 
ence is necessary for the successful operation of a vegetable garden. 
This experience cannot be secured from books or lectures. The 
practical functions of an education are to learn as much as possible 
about the known facts which are likely to be of use and then to 
learn to think so that these facts can be used in discovering new 
facts. The use of these old and new facts makes the difference be¬ 
tween successes and failures. A college or university is a good place, 
although by no means the only place, where this education can 
be secured. 

The manipulative skills or practical experiences can also be 
secured in schools. The laboratory exercises are designed in part 
with this in mind. However, much better experience can be ob¬ 
tained by actually working on commercial gardens for one or more 
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years. If the work is done for somebody else, the experience is se¬ 
cured under supervision, mistakes are less likely to happen, and 
when they do, the costs are usually borne by the employer. The 

money return to the employee is usually small. 

The other method of acquiring practical experience is actually 

to start in the business. If this method is followed, the start should 
be made on a small scale and every procedure should be carefully 
planned. This method is likely to be more costly but at the same 
time it sometimes proves very profitable. It certainly offers a 
greater incentive as the success of every operation depends upon 

the beginner. . 

Regardless of which method is employed, it is wise to seek advice 

freely and to visit other gardens and gardeners as frequently as pos¬ 
sible without neglecting your own responsibilities. 

Obviously, the experience should be secured with the type of 
gardening with which you intend to specialize and near the place 

where you expect to start in business. 

When to start. After an individual has reached the proper age 
and has secured the proper technical and practical training, he is 
ready to engage in the vegetable-growing business. It is important 
at this point to determine, if possible, whether or not business con¬ 
ditions are favorable. An analysis of this nature may be responsible 
for delayed activities or activities on an entirely different basis 
from the one contemplated. Though it is not possible to predict 
with certainty what will happen in the future, it is decidedly worth 
while to have a record of what has happened under similar condi¬ 
tions in the past. It is evident from a study of Figure 1 that prices 
rose during all four major wars (Napoleonic, Civil, and World 
Wars I and II). Relatively high prices prevailed for a period of 
from ten to fourteen years after the first three of these wars when 
they fell and remained low with slight fluctuations until the start 
of another war. It is also evident from Figure 2 that the prices re¬ 
ceived for agricultural products are usually the first to rise with a 
rising market, but that they are also the first to fall with a falling 
market. Moreover, they remain relatively low as long as the mar¬ 
ket remains low. With these and similar figures, it is even possible 
to predict when the costs of different materials will fall after the 
start of a panic. For instance, the cost of building materials is slow 
to decline. 

It is, of course, obvious that potential gardeners cannot wait for 



WHOLESALE PRICES OF ALL COMMODITIES AND OF 
FARM PRODUCTS. UNITED STATES. 1798-1946 


INDEX NUMeERS(19IO-l4:100) 



1798 1810 *20 ’30 *40 *50 *60 *70 ’80 *90 1900 *10 ’20 ’30 ’40 ’50 

♦ /798-/889. WARREN AND PEARSON (VARIABLE WEIGHTS)*; 1890 TO DATE: 


BUREAU OF LABOR STATISTICS 

^1798.1889: WARREN AND PEARSON; 1890 TO DATE: BUREAU OF LABOR STATISTICS 

U. S. Dept, Agfr.» Bureau of A^. Econ. 

Fig. 1. Wholesale prices of all commodities and of farm products in the 
United States from 1798 to 1946. 
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Fig. 2. Prices received and paid by farmers, index numbers, United States, 
by months from 1910 to 1947. 


14 








15 


THE IMPORTANCE OF VEGETABLES 

war to embark in their chosen profession. They should, however, 
realize that the possibilities of profits are greater during such 
times. On the other hand, equipment and real estate values reac 
a low level eventually, and purchases during such periods will 

effect a considerable economy of money. 

During periods of high price levels, it is possible to embark in 

gardening enterprises at a considerable distance from market be¬ 
cause the freight bill is relatively less. During depressions, the 
gardener near to the market (market gardener) has more advan¬ 
tages, and the truck farmer is hard hit. If depressions are long 
lived, it naturally follows that local districts will become more and 
more economically self-sufficient. Near the end of the general de¬ 
pression (1909) following the War between the States, enough po¬ 
tatoes were produced in Ohio to meet the demands. In 1928, when 
prices were still high, there were over 1,000 carloads of potatoes 
shipped into one middlewest state from Idaho alone. 

Prices of perishable products such as vegetables are almost cer¬ 
tain to fluctuate from year to year, or even from season to season, 
in spite of world-wide depressions or booms. The alert gardeners 
are aware of these fluctuations and endeavor to increase the acre¬ 
age of crops which they believe will be profitable and to decrease 
the acreage of those crops which they believe will be unprofitable. 
They keep in touch with governmental crop-reporting agencies 
to acquaint themselves with the latest acreage fluctuations. Of 
course, market gardeners who have a steady demand for certain 
vegetables should meet this demand in order to hold their trade, 
even though they have to do so, for a limited time, at a loss. 

Where to start. It is best to start in business where you are 
known and where you know what problems are likely to arise, pro¬ 
vided the opportunities are equal. The more you know about a 
district the better your chance of success. A group in each locality 
is always ready to unload on unsuspecting outsiders. Identifying 
this group is difficult unless you have lived in the community for 
several years. Opportunities are often better in home communi¬ 
ties, although they are usually more difficult to see. 

, Other factors which should be considered when locating a gar¬ 
den are listed below. 

The market: Try to avoid a market, either large or small, that 
is already oversupplied. Good roads are essential. Produce can be 
moved over a good road much better than over a poor road. Road- 



Fig. 3. Normal annual precipitation (inches). 



Fig. 4. Average length of the growing season (days). 
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side markets are always possibilities on heavily traveled roads. 
Transportation costs and facilities are very important considera¬ 
tions from the truck grower’s standpoint. 

The soil: If possible select a location that is fertile, well drained, 

moisture retentive, and fairly level soil. Avoid soils which contain 
pests that attack vegetables. Nematodes, Fusariums, and cabbage 
club root are especially undesirable. Do not buy farm land low 
in fertility. It is very costly to improve poor soil to better than 
average fertility. Do not purchase any farm hastily. Many dollars 
can be saved by waiting until the price is lowered. The condition 
of buildings, the title, and the tax rate should all be investigated 


before making a purchase. 

The water supply: A dependable and economical supply of pure 
water is essential for success in most types of gardening. 

The climate: As already indicated, early seasons are essential for 
many truck gardening activities and cool climates are favorable 
for the production of certain types of vegetable seed. A study of 
Figures 3, 4, 5, and 6 will be helpful in determining suitable cli¬ 
mates. The rainfall-evaporation ratio is very important. Low hu¬ 
midity, high temperatures, and artificial irrigation are largely re¬ 
sponsible for the development of the muskmelon industry in sec¬ 
tions of the Southwest. 

Labor: The success of many gardening ventures depends upon 
timely operations. Crops must be planted, weeds must be killed, 
sprays applied, and crops harvested in the course of a few hours. 
To do these things it is necessary that extra labor be available dur¬ 


ing most seasons of the year. Care should be taken in selecting 
help. Cheap help is not always the most economical help. The pay 
of laborers should be based on their rate and manner of working. 

Refrigeration: If vegetables are to be shipped under refrigera¬ 
tion, it is necessary to be able to secure a supply of ice. Cold-storage 
facilities are used more and more, even by market gardeners. The 
preservation of vegetables by freezing may be a natural outgrowth 
from cold-storage developments. 

Associations: In order to secure sufficient produce for car-lot 
shipments, it is often necessary for two or more growers to pool 
their products. These possibilities should be investigated before 
embarking in the truck-gardening business. 

Finance. Many enterprises fail because they are not adequately 
financed. No gardener should start in the business unless he can 






Fig. 5. Average date of the first killing frost in autumn. 



Fig. 6. Average date of the last killing frost in spring. 
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get sufficient capital to carry him through two years of failure. 
Success may come the first year, but two or more years are often 
required. The capital required to tide the business over the lean 
years depends largely upon the nature of the venture. In all events, 
it will be necessary to have enough to pay for labor and supplies. 
If the garden is purchased, it will be necessary to have an addi¬ 
tional amount to meet such expenses as interest, depreciation, 
taxes, and other items which make up the overhead. If limited 
capital is available it is best to lease rather than buy the property, 
although an option to buy should be included in the contract. A 
savings in equipment can often be effected by renting equipment 
from neighbors. This is, however, a risky procedure because you 
may not be able to get the equipment at times when it is needed 

most. 

In figuring costs and returns, it is important to remember that 
many items of expense cannot be anticipated. Neither can all the 
possible returns be realized. Purchased horses may become balky 
or die, tractors and other machinery may break and need repair, 
and accidents which disable you or your help are likely to occur. 
The returns are often diminished by decreased yields, by low 
prices, by hail, by storage and transit losses, and by sales to dealers, 
unscrupulous and otherwise, who fail to pay for the produce. 


REVIEW QUESTIONS 

1. Define a vegetable. 

2. Give an illustration of a vegetable, the edible part of which is 
part bud, part leaves, and part stem. 

3. Why is it important to distinguish between the word vegetable 
and vegetative part? 

4. Give the approximate production and value of four of the 
world’s most important plant crops. 

5. What factors have contributed most to the increased importance 
of vegetables? 

6. Define market gardening, truck gardening, vegetable forcing, and 
home gardening. 

7. How would you proceed to determine your special aptitude for 
any specified undertaking? 

8. How would you gain experience in the gardening business? 

9. How would you answer the following question which is asked 
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hundreds of time each year by prospective gardeners? “What vegetables 
can be grown most profitably?” 

10. What is the average rainfall for your community? 

REFERENCES 

Agricultural Statistics, U. S. Dept. Agr., 1919-1945. 

Foreign Agriculture, issued by Office of Foreign Agricultural Rela¬ 
tions, U. S. Dept. Agr., vol. 1-10. 

Stuart, William, The Potato, J. B. Lippincott Company, Philadel¬ 
phia, 1937. 

Truck and Canning Crop Reports, U. S. Dept. Agr., 1939-1945. 
United States Department of Commerce Bureau of the Census, 1919- 

1945. 



chapter 2 


Food Value of Vegetables 



The phenomenal growth of the vegetable industry is due, in a 
large measure, to the recognized food value of vegetables. They 
are our most important sources of vitamins and minerals. All vege¬ 
tables except corn leave an alkaline reaction in the body. They 
also correct excess acidity produced by some other foods. The bulk 
provided by the cellulose in vegetables is a great aid in elimina¬ 
tion. Vegetables are also excellent sources of carbohydrates and 

proteins. 

Most vegetables are grown as annual crops. Thus their value as 
a human food during emergencies is enhanced. For example, vege¬ 
tables were grown extensively during the depression years of 1932- 
1934 by almost all classes of people, on plots of ground located near 
the family home. During the food emergency of World War II, 
it is estimated that 8,000,000 tons of vegetables were grown in one 
year (1943) by some 20,000,000 victory gardeners. These vegetables 
had a money value of approximately $560,000,000, but, more im¬ 
portant than this, they provided an immediate supply of essential 
food in a critical period. 

Source of vitamins. Vegetables are our most important natural 
sources of ^ dtamins A and C, and they rank high as sources of vita¬ 
mins and Bg. 

The table and references listed at the close of this chapter indi¬ 
cate that pro-vitamin A is concentrated largely in the thin, leafy 
portions of vegetables, not petioles or roots. Yellow roots, however, 
are usually rich in pro-vitamin A, i.e., carrots (really hypocotyls) 
and yellow sweet potatoes (true roots). 

Most vegetables are good sources of vitamins Bj and Bg but 
these vitamins are frequently lost when the water used for cooking 
or blanching is discarded. Vitamin C is abundant in peppers, in 
leafy vegetables, and in the storage organs. It is readily lost by 
oxidation when the vegetable is prepared for use unless the prod¬ 
uct is acid, is made acid, or is cooked in the absence of oxygen, as 
in sealed containers. The principal source of vitamin D is sun- 
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light. Collards, kale, green peas, peppers, potatoes, spinach, to¬ 
matoes, and turnip greens are considered good sources of niacin 
(nicotinic acid). 

Factors influencing the vitamin content of vegetables. The vita¬ 
min content of difEerent varieties of vegetables differs greatly. 
High vitamin varieties and strains tend to retain this characteristic 
from season to season and when subjected to widely different en¬ 
vironmental conditions. Low-vitamin varieties and strains likewise 
tend to continue to produce small quantities of vitamins. This 
offers opportunities and at the same time places responsibilities on 
plant breeders to produce varieties that are rich in vitamins. Dif¬ 
ferent soil fertility levels also affect the vitamin content of vege¬ 
tables. The carotene (pro-vitamin A) content of leafy vegetables is 
decreased by any mineral deficiency which causes the leaves to turn 
yellow. The vitamin C content of some vegetables seems to be as¬ 
sociated with a high sugar content. The vitamin C content of 
muskmelons is usually highest in melons which have a high sugar 
content and excellent taste. 

Functions of vitamins. Vitamin A (CjoHgoO) occurs only in 
foods of animal origin. Four precursors of vitamin A which are 
found in plants can be converted into vitamin A in the body. 
These precursors are a-carotene (C 40 Hgg), b-carotene (C^oHge), 
r-carotene (C^oHgg), and cryptoxanthin (C^oHggO). The chief func¬ 
tions of vitamin A are to prevent night blindness, ophthalmia, and 
infections entering through epithelia. Vitamin Bj, or thiamine 
(C 12 H 17 N 4 OSCI), is the anti-beriberi vitamin. Vitamin B 2 , or G, 
or riboflavin (CiTH 2 oN 40 g), is effective in preventing some forms 
of baldness, cataract, “sharkskin,” etc. Vitamin C, or ascorbic acid 
(CgHgOg), prevents scurvy. Vitamin D, or calciferol (C 28 H 44 O), 
prevents rickets. Vitamin P-P-(nicotinic acid or niacin) (CgH 502 N) 

prevents pellagra. 

Minerals. Vegetables are also among the most important sources 
of minerals including calcium, phosphorus, and iron. The mineral 
content of vegetables varies with the fertility of the soil. In gen¬ 
eral, an abundance of any mineral in the soil produces an abun¬ 
dance in the crops grown thereon. The iodine content of leaf let¬ 
tuce grown in Ohio has been increased from 2000 parts per billion 
to over 100,000 parts per billion by the application of as little as 
44 pounds of potassium iodide per acre. This difference was in 
spite of the fact that the yields of lettuce were the same on iodine- 
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fertilized plots as they were on the unfertilized plots. Similar dif¬ 
ferences can be shown for the absorption of selenium. The lack 
of iodine in the diet frequently causes goiter. An excess of selen¬ 
ium, on the other hand, causes “alkali disease” (blind staggers in 
animals). Large quantities of either iodine or selenium in the soils 
are, however, injurious to plants. There is, however, a significant 
difference. Both plants and animals need iodine in small amounts, 
but selenium in all concentrations is toxic to animals. Plants grow¬ 
ing on soils containing as little as .3 part per million of selenium 
may contain as much as 100 parts per million, and plants contain¬ 
ing 4 parts per million are considered dangerous for human con¬ 
sumption. The copper, sulphur, and arsenic contents of vegetables 
have been increased greatly by the addition of fertilizers containing 
these respective elements to soils in which vegetables were growing. 

Though there is a tendency for crops to absorb fertilizing ma¬ 
terials and minerals in abundance, there are certain antagonistic 
effects that are worth noting. An excess of calcium in the soil tends 
to inhibit the absorption of iron and manganese. An excess of man¬ 
ganese or phosphorus will cause iron chlorosis. Sulphur inhibits 
selenium absorption. 

When one fertilizing element is present in inadequate amounts 
there is often a tendency for the others to be taken up by the plant 
in greater amounts than is normally needed for plant growth. 

The mineral content of different parts of the plants may vary 
widely. Outer green leaves of cabbage may contain as much as 
1000 milligrams of calcium per 100 grams of moist leaves, though 
the inner leaves may contain less than 50 milligrams. Seed is af¬ 
fected the least by varying mineral contents of the soil. 

Minimum human requirements. The specific food needs includ¬ 
ing vitamins and minerals recommended by the National Research 
Council for a moderately active man (weighing 140 pounds) per 
day include 3000 calories, 70 grams protein, .8 grams calcium, .8 
grams phosphorus, 12 milligrams iron, .1 milligrams iodine, 5000 
international units vitamin A, 1.8 milligrams vitamin Bp 75 milli¬ 
grams vitamin C, 2.7 milligrams vitamin Bg, and 18 milligrams 
nicotinic acid (niacin). 

In addition, adults require approximately 10 grams salt, 3 grams 
potassium, .35 gram magnesium, 2 milligrams copper, 1.5 milli¬ 
grams manganese, and traces of zinc and cobalt daily. 

Trace elements. The following elements have been classified as 
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Vitamin and Mineral Content of Vegetables. Other Foods In¬ 
cluded FOR Comparative Purposes 


Vitamin values per 100 grams edible portion 

Mineral content (mean values) 

Food 

Inter¬ 

national 

Units 

Sher¬ 

man 

Units 

MO. 

Moisture Free Basis 

Percentage 

Parts per million 

A 

Bi 

B,(G) 

C 

Ca 

P 

i ^ 

S 

Fe 

1 

Cu 

Artichoke 

(globe) 

390 

59 


Trace 

(fresh) 

.19 

.52 


.01 

203 

.182 

20 

Asparagus 

1,400 

60 

55 

100 

.35 

.55 

2.94 

.67 

337 

1.168 

11 

Beans, snap 

2,000 

24 

60 

33 

.64 

.48 

2.85 

.37 

231 

.579 

16 

Beans, dried 

100 

128 

1 

1 

95 

3 

.18 

.52 

1.21 


139 


1 7 

1 

Beans, dried Lima 

100 

170 

200 


1.04 

.412 

1.89 

.227 

112 


1 9 

Beans, green Lima 

900 

114 

62 

35 


.40 


.33 

65 

.050 

! 9 

Beans, soy (fresh) 


159 

(dry) 

900 

43 

.23 

.67 



101 


i 

23 

Beets, roots 

50 

17 

50 

10 

.19 

.27 

2.17 

.13 

133 

.241 

10 

Beets, tops 

21,000 

37 

250 

40 

1.59 

.28 

3.91 

.35 

795 

.984 

12 

Broccoli 

9,000 

33 

140 

137 

1.29 

.79 

3.52 

1.26 

205 

1.965 

24 

Brussels sprouts 

640 

57 

30 

185 

.18 



1.00 

193 

.062 

8 

Cabbage 

400 

27 

60 

100 

.73 

.38 

2.71 

1.16 

205 

.218 

15 

Cantaloupe 

2,000 

19 ! 

30 

37 

.24 

.21 

4.62 

.01 

168 

.230 

6 

Cabbage, Chinese 









538 

.300 

13 

Carrots 

10,000 

23 

50 

1 

i 

.40 

.33 

2.10 

.16 

192 

.309 

11 

Cauliflower 

70 

56 

60 

75 

.35 

.76 

3.58 

1.07 

177 


36 

Ceieriac 





.38 

.57 


.11 

72 


10 

Celery (green) 

12,000 

12 

14 

62 

2.36 

.64 

3.92 

,146 

159 

.318 

163 

Chard, leaves 

14,500 

150 

55 

38 

1.65 

.44 



690 

.515 

13 

Coliards 

12,000 

67 

100 

70 i 

1.66 

1 

1 

.60 



295 

.074 


Com, canned 


50 

40 

5 

.005 

1 




5 

.043 

1 

Com, green, yellow 

560 

50 

40 

42 

.026' 

.40 

1.07 

.09 

37 

.130 

6 

Cucumbers 

35 

30 

60 

11 

1 

.74 

.75 

1 

4.48 

.28 

270 

.226 

50 

Dandelion greens 

12,000 

63 

90 

92 

1 

.59 

.25 ' 

3.50 


516 ! 

1 


13 

Eggplant 

70 

20 

300 

12 

.15 

.48 

3.50 

.12 

1 

148 

.338 

13 

Endive 

15,000 

33 

94 

13 

.73 

.27 

8.68 

.38 , 

700 

.559 

13 

Elscarole 

23,000 i 

25 

94 

7 

.40 

.43 




1 


Garlic 

1 




13 

.04 

.56 






Horse-radish 




122 

.47 

.28 

2.52 

.81 

75 


5 

Kale 

20,000 

1 

63 

193 

187 

2.16 

.62 

3.47 

1.04 

684 

.278 

24 

Kohlrabi 

20 

10 

30 

50 

1.95 

■1 

3.70 


185 


15 


24 




























































































































































































































































































TABLE 6 


Vitamin and Mineral Content of Vegetables (cont’d.) 
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TABLE 7 


Proximate Composition of Edible Portions of Vegetables. Other 

Foods Included for Comparative Purposes. 


Food 

Percentage by weight 

AS PURCHASED 

Alkaline + 
or acid — 
effect * 

Calories 
per 100 
grams 

Protein 

Total 

carbo* 

hydrate 

Fat 

Water 

Artichoke (globe) 

2.9 

11.9 

.4 

83.7 

+7.6 

63 

Asparagus 

2.2 

3.9 

.2 

1 

93.0 

+0.8 

26 

Beans, snap 

2.4 

7.7 

.2 

88.9 

+5.4 

42 

Beans, dried 

22.0 

62.1 

1.5 

10.5 

+18.0 

350 

Beans, dried Lima 

20.7 

61.6 

1.3 

12.6 

+42.0 

341 

Beans, green Lima 

7.5 

• 

23.5 

.8 

66.5 

+28.4 

131 

Beans, soy (fresh) 

12.5 

6,0 

6.5 

67.0 

1 

+ 16.0 

132 

Beets, roots 

1.6 

9.6 

.1 

87.6 

+10.9 

46 

Beets, tops 

2.0 

5.6 

.3 

90.4 

+27.0 

33 

Broccoli 

3.3 

1 

5.5 

.2 

89.9 

+9.3 

37 

Brussels sprouts 

4.4 

8.9 

.5 * 

84.9 

+11.0 

58 

Cabbage 

1.4 

5.3 

.2 

92.4 

+6.0 

29 

Cantaloupe 

.6 

5.9 

.2 

92.7 

t 

+7.5 

28 

Cabbage, Chinese 

1.4 

2.4 

.1 

1 95.2 

1 

1 


16 

Carrots 

1.2 

9.3 

.3 

88.2 

+ 10.8 

45 

Cauliflower 

2.4 

4.9 

.2 

91.7 

+5.3 

31 

Celeriac 

1.7 

8.8 

.3 

88.3 

1 

1 

+8.8 

45 

Celery (green) 

1.3 

3.7 

.2 

93.7 

+7.8 

22 

Chard, leaves 

2.6 

4.8 

.4 

91.0 

+15.8 

33 

Collards 

3.9 

3.1 

.6 

86.6 


22 

Corn, canned 

2.5 

19.6 

.9 

76.0 

-1.8 

96 

Corn, yellow, green 

3.7 

20.5 

1.2 

73.9 

-2.0 

108 


26 



























































































































TABLE 7 


Proximate Composition of Edible Portions of Vegetables (cont’d.) 


Food 

Percentage by weight 

AS purchased 

Alkaline -}- 
or acid — 
effect 1 

Calories 
per 100 
grams 

Protein 

Total 

carbo¬ 

hydrate 

Fat 

Water 

Corn, pop 

11.9 

72.1 

4.7 

9.8 


378 

Cucumbers 

.7 

2.7 

.1 

96.1 

+7.9 

14 

Dandelion greens 

2.7 

8.8 

.7 

85.8 


52 

Eggplant 

1.1 

5.5 

.2 

92.7 

+6.3 

28 

Endive 

1.6 

4.0 

.2 

93.3 

+7.0 

24 

Escarole 

1.6 

4.0 

.2 

93.3 

+4.0 

24 

Garlic 

4.4 

20.0 

.2 

74.2 


99 

Horse-radish 

3.2 

21.4 

.2 

73.4 

+4.8 

100 

Kale 

3.9 

7.2 

.6 

86.6 

+7.7 

50 

Kohlrabi 

2.1 

6.7 

.1 

90.1 

+8.0 

36 

Leek 

2.5 

7.9 

.4 

88.2 

+7.0 

45 

Lettuce, head 

1.2 

2.9 

.2 

94.8 

+7.4 

18 

Mushrooms 

3.9 


.3 

91.1 

+4.0 

34 

Mustard greens 

2.3 

4.0 

.3 

92.2 


28 

Okra 

1.8 

7.4 

.2 

89.8 


39 

Onions 

1.4 

10.3 

.2 

87.5 

+ 1.5 

49 

Parsely 

3.7 

9.0 

1.0 

83.9 


60 

Parsnip 

1.5 

18.2 

.5 

78.6 

+ 12.0 

83 

Peas, dried 

23.8 

60.2 

1.4 

11.6 

+5.0 

349 

Peas, green 

6.7 

17.7 

.4 

74.3 

+1.3 

101 

Peas, canned 

3.3 

10.1 

.2 

85.4 

-2.9 

55 

Peppers, green 

1.2 

5.7 

.2 

92.4 

+1.7 

29 

Potatoes, sweet 

1.8 

27.9 

.7 

68.5 

+6.7 

125 
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TABLE 7 


Proximate Composition of Edible Portions of Vegetables (cont’d.) 


Food 

Percentage by weight 

AS PURCHASED 

Alkaline + 
or acid — 
eflect > 

Calories 
per 100 
grams 

Protein 

Total 

carbo¬ 

hydrate 

Fat 

Water 

Potatoes, white 

2.0 

19.1 

.1 

77.8 

+7.0 

85 

Pumpkins 

1.2 

7.3 

.2 

90.5 

+1.5 

36 

Radishes, roots 

1.2 

4.2 

.1 

93.6 

+2.9 

22 

Rhubarb 

.5 

3.8 

.1 

94.9 

+8.5 

18 

Rutabagas, roots 

1.1 

8.9 

.1 

89.1 

+8.5 

41 

Salsify 

3.5 

15.5 

1.0 

79.1 

+2.9 

85 

Spinach 

2.3 

3.2 

.3 

1 

92.7 

+27.0 

25 

Squash, summer 

.6 

3.9 

.1 

1 

1 

95.0 

+1.0 

19 

Squash, winter 

1.5 

8.8 

.3 

88.6 

+2.6 

44 

Taro 

2.9 

28.9 

.2 

66.6 

+18.1 

129 

Tomatoes 

1.0 

4.0 

.3 

94.1 

+5.6 

23 

Turnips, roots 

1.1 

7.1 

.2 

90.9 

+2.7 

35 

Turnips, tops 

2.9 

5.4 

.4 

89.5 

+2.3 

37 

Water cress 

1.7 

3.3 

.3 

93.6 

+12.0 

23 

Watermelons 

.5 

6.9 

.2 

92.1 

+2.7 

31 

Yautia, yellow 

2.1 

24.1 

.2 

72.6 

+15.0 

107 

Milk, whole 

3.5 

4.9 

3.9 

87.0 

+2.3 

69 

Butter 

.6 

.4 

81.0 

15.5 

-.4 

733 

Beefsteak, good grade 

16.9 


25.0 

57.0 

-10.6 

293 

Apples 

.3 

14.9 

.4 

84.1 

+3.7 

64 

Oranges 

.9 

11.2 

.2 

87.2 

+5.6 

50 

Bread, white 

8.5 

52.3 

2.0 

35.9 

-4.0 

261 


1 Expressed in ml. of normal reagent per 100 grams or per 100 ml. of food. 
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trace elements essential for human nutrition: cobalt, copper, iron, 
iodine, manganese, and zinc. Nontoxic, nonnutritive trace ele¬ 
ments include aluminum, beryllium, boron, chromium, silicon, 
strontium, tin, titanium, and nickel. The nonnutritive toxic trace 
elements include bismuth, cadmium, fluorine, mercury, lead, ar¬ 
senic, antimony, barium, bromine, selenium, silver, tellurium, mo¬ 
lybdenum, vanadium, and thallium. Fluorine in minute amounts 
is, however, said to prevent the decay of teeth. Larger amounts 
cause the teeth to become mottled. 

REVIEAV QUESTIONS 

1. How much milk, beefsteak, turnip tops, tomatoes, or peppers 
would it take to provide the daily vitamin C requirements of an aver¬ 
age man, weighing 140 pounds? 

2. How much milk, beefsteak, butter, spinach, tomatoes, or peppers 
would it take to provide the daily vitamin A requirements of an aver¬ 
age man, weighing 140 pounds? 

3. How much milk, beefsteak, or chard would it take to provide the 
daily calcium requirements for an average man, weighing 140 pounds? 

4. What factors influence the vitamin content of vegetables? 

5. What causes a variation in the mineral content of vegetables? 

6 . What are the minimum vitamin requirements of the average per¬ 
son? 
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chapter 3 


Cost Accounts 



We are in the age of competition. Regardless of the business one 
is in, whether it be the manufacture of steel products, wood craft, 
or vegetable production, someone else has the same idea in mind 
and is just as conscious of the fact that he wants to realize a profit 
from his investment of money, time, and labor. Long past is the 
day when the vegetable grower could plant seed, fertilize, spray, 
and cultivate the growing crops, harvest and sell them, and pocket 
the money without a good idea of just how much money he had 
spent for these various operations. The era of specialization in 
farm crops dictates that the commercial grower must raise crops 
that will return the most money in the form of profit. He must dis¬ 
regard the low-profit enterprises and specialize in crops that are 
especially adapted to his own section of the country. Careful selec¬ 
tion of soil and seed, efficient management of labor and supplies, 
and timeliness in harvesting and marketing will determine just 
how much the manager will mark down on the profit side of his 
ledger after his crop is sold. Thus, it is necessary to maintain de¬ 
tailed and accurate cost-account records on all phases of vegetable 
production and marketing. 

Labor is the paramount cost item in the modern vegetable en¬ 
terprise. The so-called “human element” enters here. Some work¬ 
ers do more than others; if a man takes pride in his particular job, 
he will accomplish appreciably more than an individual who is 
merely on the payroll for the purpose of gaining the simple ne¬ 
cessities of life. Permanent year-round help is more stable and de¬ 
pendable than transient laborers who travel throughout the coun¬ 
try during the peak periods of harvest soliciting employment wher¬ 
ever there is a dire need for extra workers at the moment. One of 
the essentials of the successful owner or manager is that he knows 
his workers and their limitations and potentialities and can place 
upon them the degree of responsibility they merit. He pays them 

accordingly. Profit-sharing plans often insure contented, efficient 
workmen. 
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This leads into the discussion of the character of labor. To main¬ 
tain efficient help on a year-round basis, workers must be paid all 
twelve months of the year, otherwise they will seek employment 
elsewhere. However, a practical year-round work program is easy 
to arrange and will lead to less pressure during the peak harvest 
periods. Listed below are jobs that will keep permanent help busy 
during the months when they are not actually engaged in planting 
and harvesting crops. 

1. Equipment can be checked, oiled, and repaired during the 
winter. Test seed drills. Make germination tests of seed. 

2. Contract extra work in the community to utilize labor and 
machines. Sawing wood or grinding feed for neighbors during the 
fall and winter months is an excellent investment. 

3. The less busy months provide the most opportune times to 
build new buildings and repair present installations. 

4. Install new equipment so it will be tested and ready before 

you need to use it. 

5. Irrigation equipment is expensive to purchase and repair. 
See that it is in working condition before it is set up in the field 

for use. 

6 . Heed suggestions from employees. Honor their initiative. 
Often their ideas will lead to improvements which will lighten the 
load during the heavy work period. Helpful ideas should be re¬ 
warded by a bonus or other privileges. Generally, honest treatment 
of employees will result in better efficiency and more work during 

the time when it is sorely needed. 

Following is a set of seven sample forms which will serve as an 

excellent basis for establishing cost account records on vegetable 
crops. Use a separate form for each crop grown. These forms can 
be duplicated and inserted in a ledger used for cost accounts. 

Form No. 1. Form No. 1 is used for recording labor and power. 
Record all man labor performed on this crop, including work done 
by the operator and members of his family (whether paid a cash 
wage or not) and that done by hired labor. However, do not list 
the hours spent growing plants for transplanting and time spent 
operating a roadside market. The cost of plants will be included 
as a material used and charged at so much per thousand. If more 
than one planting is made during the season do not attempt to 
keep the labor and power separated according to plantings. Desig¬ 
nate the type of work dofie by writing in the name of the opera- 
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tions performed or by grouping the work under the suggested 
classes indicated in the heading Operations Performed, indicating 
the class of operation by letter. 

The hours of work performed by the operator, members of his 
family, and that done by labor hired regularly should be listed un¬ 
der the heading Regular Labor. 

The hours of work performed by labor hired on an hour or day 
basis and employed only during rush periods should be recorded 
under the heading Extra Labor. Since the rate of pay per hour for 
extra labor may vary considerably, it is desirable that the grower 
record the wage rate for this type of labor as well as the hours. 

In recording the power employed, if one horse is used for 4 
hours, list 4 hours of horse work. If two horses are used for 4 
hours each, list 8 hours of horse work. If two different sizes of 
tractors are used, such as 5 hours with a two-plow farm tractor and 


2 hours with a garden tractor, record as follows: 5-F, 2-G. In this 
way the cost per hour may be varied with the size of tractor used. 
At the end of the season, when computing the average hourly wage 
of regular labor, it is necessary to take into consideration the cash 
wage and bonus paid and farm-furnished items such as food, hous¬ 
ing, and complimentary items. 

The number of man-hours required to produce vegetable crops 


is high, and growers that are able to reduce this cost are in a po¬ 
sition to make more than their less fortunate competitors. Some 


man-hour per acre figures follow. 


Asparagus (S. Car.) 176-189 
Snap beans (S. Car.) 138-233 


Lima beans (S. Car.) 247 

Navy beans (Mont.) 47 

Bunch beets (Mass.) 389 

Cabbage (Mass.) 220 

Carrots (Miss.) 313 

Celery (Cal.) 268 


Cucumbers (S. Car.) 75-151 


Eggplant (Fla.) 451 

Muskmelon (S. Car.) 85-113 
Onions (Mich.) 288 

Peppers (Mass.) 265 

Potatoes (S. Car.) 126 

Sweet corn (Mass.) 94 

Sweet potatoes (S. Car.) 146 
Squash (S. Car.) 82 


Watermelon (S. Car.) 51-56 


Form No. 2. Form No. 2 should contain in detail the dates, acres 
planted, the quantity of seeds or plants used, and the amount of 
fertilizer applied. When more than one planting is made during 
the season, list these items for each new planting. 
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FORM NO. 2 
The Planting Record 


Date 

Acres Planted 

Quantity Used 

Seeds, plants 

Fertilizer 





































Total 





Form No. 3. The materials used throughout your entire crop 

may be determined by consulting purchase slips, invoices, and 

general income and expense records and by drawing on one’s 

memory. The cost of market containers may be determined frorn 

the number of units sold; the cost of storage and advertising can 

be computed from statements of amount due or paid by the 

grower. Other costs that would be itemized under Materials used 

are cover seed crop, gasoline and oil for irrigation purposes, and 
lime. 

4 

Fom No. 4. Equipment and buildings used on a vegetable farm 
constitute a long-time investment, and these monetary outlays are 
invariably large. From time to time expensive repairs are neces¬ 
sary, dipping rather heavily into the farm savings. Thus, it is ad¬ 
visable to lay aside a portion of each year’s profits for such contin¬ 
gencies. This can be done by charging, say, 5 per cent of the year’s 
profit to equipment and buildings. Then as repairs are made and 
new buildings constructed as needed, there will be a readily avail¬ 
able source of funds to pay for them. Follow the same idea in re¬ 
gard to farm machinery. For instance, if the life of a garden tractor 
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FORM NO. 3 

Materials Used 


Materials Used 

Quantity Used (Indicate 
Unit; lb,, bu., etc.) 

Total Cost Chargeable 

TO THIS Crop 

Stable manure 



Fertilizer (see planting record) 



Seeds or plants (see planting record) 



Dust, spray material 






Twine, wrappers, etc. 



Market containers 

1 





Commercial storage 



Advertising 










is approximately ten years, divide the total cost when new by ten, 
and lay aside this amount each year for the time when you will 
need a new machine. Some equipment, such as field containers, 
is very short-lived. Even with constant and careful care, shipping 
crates will not last longer than four or five years. Replenish your 
reserve fund annually in order to be able to purchase new ones at 
the end of that time. Irrigation equipment and small tools come 

under the short-term category. 

Form No. 5. It is best to establish a place for incidental costs and 
financial outlays that are not expected to be an integral part of 
your cost account system. For instance, a grower might want to 
carry on experiments with a new-type vegetable, a hybrid seed of 
unknown quality, or a variety of vegetable not particularly adapted 
to that section of the country. In doing this, costs will arise. These 

costs should be summarized on Form No. 5. 

Form No. 6. Form No. 6 is self-explanatory and is designed for 

an over all summary of total costs for the season’s work. Each crop 




FORM NO. 4 

Equipment and Buildings Used 


Itbm Used 


Approx, cost of 

ITEM WHEN NEW 


Est. total life of 

ITEM USED 


Per CENT TOTAL AN¬ 
NUAL COST CHAROEADLE 
TO THIS CROP 
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FORM NO. 5 

Other Costs 


Item 

M ■ - ■ — 

Total Annual 

Exp. Dollars 

Per Cent Chargeable 

TO This Crop 

Cover crop 


1 

Irrigation 



Management 



Telephone, etc. 



Trucking to and from field 
















should be summarized on a similar form, then the categorical in¬ 
formation broken down and entered on a similar sheet covering 

all crops. 

Form No. 7. The importance of maintaining accurate sales and 
income records cannot be overemphasized. If production and 
labor costs are complete and accurate, then the grower should 
have at his fingertips the amount of money he reaps from his 
season’s work. Consequently, it is necessary to distinguish between 
sales made at the farm, i.e., where the buyer comes to the farm 
and takes possession of the product, and those where the prod¬ 
uct is delivered to an outlet off the farm. In the latter case, truck¬ 
ing and labor costs enter the situation. When the grower’s truck 
is used to make the delivery, and the load is comprised entirely of 
this crop, list the total miles driven; if a mixed load is hauled, re¬ 
cord the proportion of the total miles driven which this crop is 
of the total load. When a commercial hauler is employed, record 
the amount paid for hauling. If sales are made to a wholesale 
house and a statement of amount delivered and payment made is 
received periodically by the grower, the income from such sales 
may be recorded each time such a statement is secured. 

This set of forms may be altered or compromised according to 
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FORM NO. 6 

Summary of Costs for Season 


Cost Item 

Total Cost, Dollars 

Regular labor 


Extra labor 


Piece work 


Power used 




Materials used 


Equipment and buildings used 


Hauling to market 


Land rent 




Other costs 




Total production and marketing costs 


. 


Total units sold 


Total cost per unit marketed 



the wishes and desires of the individual grower. There is no set 
policy establishing rules of procedure for conducting cost-account 
records. The important factor is, however, to account for all 
money paid out during the year for supplies, labor, and equip¬ 
ment, and, conversely, to know just how much money comes into 
the farm for crops sold. The difference between these two figures 
represents the net profit for the year. 

Table 8 will indicate the enormous amount of man-, tractor-, 
and truck-hours consumed in the production and marketing of 5 
acres of vegetables on the 3000-acre King Farms Company in 
Pennsylvania. This vegetable-producing plant is completely mech- 
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anized, and many new laborsaving devices have originated right 
on the farm by the foreman and his assistants. Placing a value of 
50 cents per hour on manual labor and $2.00 per hour on trucks 
and tractors, the total cost of producing the acre of carrots would 
approximate $415.00. This, of course, is exclusive of the cost of 
seed, fertilizer, and capital investment on the land. Extensive cul¬ 
tivation of carrots and the laborious eradication of weeds will ac¬ 
count for the large amount of production man-hours. (See the 
chapter on carrots for savings now being effected by chemical weed 
control.) Other chemicals including 2,4-D and petroleum products 


TABLE 9 


Data on Producing One-Acre Lots of Vegetables in Washington 

County, Ohio, 1945. 



Total Labor 
Hours 

Total Labor 
Cost 

Material 

Cost 

Capital 

Investment 

Cabbage ‘. 

177.31 

$ 81.40 

$183.52 

$52.74 

Sweet corn ®. 

62.5 

31.76 

35.19 

20.20 

Tomatoes *. 

569.2 

298.93 

143.45 

92.37 

Cucumbers * . 

234 

158.40 

36.50 

46.20 


J Average of 3 growers 

* Average of 2 growers 

* Average of 5 growers 

* Average of 1 grower 


show considerable promise for the control of weeds when applied 
after the seed has been planted and prior to emergence. This is 

called a pre-emergence application. 

Data (Table 9) taken from growers’ records in the thriving Mari¬ 
etta, Ohio, vegetable-growing district is typical of the amount of 
labor and supplementary costs that confront the commercial 
growers. These vegetables were sold on the retail market and were 
not grown as canning crops. The tomatoes were staked, one factor 
which contributes to the high labor hours. Many growers follow a 
similar procedure in the Eastern states where tomatoes are grown 
on trellises. By contrast, the canning crop of tomatoes is commonly 
grown with an expenditure of from 50 to 90 man-hours of labor 


per acre. 

Cost records reveal that successful growers secure a complete 
turnover in capital once every four years. This means that each 
year the sales amount to $25 for every $100 invested in capital. 
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Records also show that the profit can be expected to increase until 
the returns per $100 of capital reach $35 to $40. Above this point 
the profits rise but little because of excessive expenditures. 

Generally speaking, if the expenditure for labor, exclusive of 
operator’s time, is less than $25 per $100 of gross receipts, there 

is a much better chance of making a profit. 

Conclusion. Comprehensive cost-account records maintained 
every year increase efficiency and eliminate waste movement on 
the vegetable farm. By analyzing his various costs, the operator 
can better plan the work for the succeeding year, thus eliminating 
unproductive capacity he encountered the year before. The owner- 
manager can more accurately estimate the costs of the coming crop 
and, if he realized a satisfactory profit from the previous season, he 
may be able to expand his activities and exploit more land and 
equipment than he would have done if he had not had a good idea 
of where he stood financially. 

The operator can predict beforehand, with a fair degree of re¬ 
liability, how much his seeds, fertilizers, equipment, and other 
supplies will cost. This knowledge can be derived from past ex¬ 
perience, from noting the price trends, and from catalogues and 
periodicals he has at his disposal. Yet the amount and quality of 
labor fluctuates. Inasmuch as this single item often consumes from 
25 to 60 per cent of the total production costs, the operator must 
choose his labor wisely and handle his employees so that there will 
be an abundance of satisfactory help during his peak harvest 
periods. 


REVIEW QUESTIONS 


1. What share of the total receipts can be used for labor expenditures 
on a well operated vegetable farm? 

2. How often can a complete capital turnover be secured? 

3. Give one or more examples of savings that can be effected by in¬ 
creasing manipulative skills or by better planning. 

4. List at least five slack-season jobs that can be engaged in when 
crops are not being grown and harvested. 

5. How many man-hours are required to produce an acre of aspara¬ 
gus, snap beans, onions, potatoes, etc.? 

6. What share of the profit should be charged to equipment and 
buildings? 
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chapter 4 



Vegetable Classification 



Vegetables can be classified into several different groups which 
are indicative of cultural and climatic requirements. These classi¬ 
fications are frequently useful in many gardening enterprises. For 
instance, warm-season vegetables cannot be hardened to withstand 
freezing temperatures and cannot, therefore, be grown in the open 
prior to the frost-free season in the spring or after the occurrence 
of killing frosts in the fall. (See Figures 5 and 6, chapter 1 for 
frost-free dates.) The seed of warm-season crops can be sown safely 
a few days prior to the frost-free dates in the spring since it takes 
a few days for the seed to germinate. 

On the other hand, most cool-season crops can be hardened so 
they will not be killed when the temperatures drop five to six or 
even ten degrees below freezing. These vegetables frequently make 
considerable growth a month earlier in the spring and a month 
later in the fall than the warm-season vegetables. The potato, how¬ 
ever, is one crop that cannot be hardened to withstand freezing 
temperatures even though it grows best during cool weather as do 
most other vegetables classed as cool-season crops. Potatoes can be 
planted as early in the spring as other cool-season vegetables be¬ 
cause the plants take longer to reach the surface of the soil, where 
they are exposed to freezing injury. 

Certain of the cool-season crops produce flowers and seed when 
exposed to cool weather. This may or may not be desirable, de¬ 
pending upon whether the crop is to be used as a food or is being 
grown for seed. This relationship is important to vegetable grow¬ 
ers and seedsmen, and the temperatures of plant-growing struc¬ 
tures should be modified in order to bring about the desired type 
of growth. 

The seeding habits of some vegetables can be modified by the 
length of day to which they are exposed. Radishes and spinach for 
instance produce seed when the daylight period is more than 12 
hours per day. Potatoes, on the other hand, produce tubers during 
short days and make a vegetative growth during long days. 
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This information is presented in tabular form in Table 10. In 
addition, the lengths of time required to reach edible maturity 
are given. This information can also be used in planning the gar¬ 
den. Crops that mature quickly can be grouped so that the ground 
upon which they are planted can be used later in the season for 
other crops. This is especially true of the quick-maturing cool- 
season crops, such as spinach, radishes, and lettuce, that can be 
grown either as a spring or fall crop. 

Vegetables are sometimes classed so as to indicate the edible por¬ 
tion. This information and the Latin names of the principal vege¬ 
tables are also given in the classification. 


TABLE 10 


Classification of Vegetables (Adapted 

FROM Lloyd) 



Conditions 



Days to 

producing 



edible 

flowers 

Edible 

Type of vegetable 

maturity 

and seed 

Portion 

Cool-season crops 




A. Cool-season crops that quickly reach 




edible maturity 




1. Spring salads 




a. Leaf lettuce— Lactuca saliva 


High 


Var. crispa 

40-50 

temp. 

Foliage 

b. Garden cress 


High 


Lepidium sativum 

40-50 

temp. 

Foliage 

c. Corn salad 


High 


Valerianella olitoria 

40-50 

temp. 

Foliage 

d. Celtuce— Lactuca saliva 


High 

Foliage 

Var. angustana 

40-50 

temp. 

Seedstalk 

2. Spring greens 




a. Spinach 


Long 


Spinacia oleraceae 

40 

days 

Foliage 

b. Mustard 


Long 

Foliage 

Brassica juncea and B, alba 

40-50 

days 

Seed 

3, Short-season root crops 




a. Radish 


Long 

Hypocotyl 

Rhaphanus sativus 

25 

days 

and root 

b. Turnip 



Hypocotyl 

Brassica Rapa 

45-50 


and root 

c. Kohlrabi 


Cool 


Brassica caulorapa 

55-60 

temp. 

Stem 

d. Rutabaga 


Cool 

Hypocotyl 

Brassica Napobrassica 

85-90 

temp. 

and root 

4. Peas Pisum sativum 

60-70 


Seed and iruit 

B. Cool-season crops that usually are transplanted 



1 . Spring crops that mature before the heat of summer 


a. Head lettuce— Lactuca saliva 


High 

Leaf 

Var. capitata 

60-70 

temp. 

bud 
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Classification of Vegetables (Adapted from Lloyd) (cont’d.) 



Conditions 



Days to 

producing 



edible 

flowers 

Edible 

Type of vegetable 

maturity 

and seed 

Portion 

b. Cos lettuce— Lactuca saliva 


High 

Leaf 

Var. longifolia 

75 

temp. 

bud 

c. Early cabbage— Brassica oleracea 


Cool 

Terminal 

Var. capitata 

90-100 

temp. 

bud 

d. Early Cauliflower 




Brassica oleracea 


Cool 

Stem and 

Var. botrytis 

90-100 

temp. 

abortive bud 

2. Crops that make their principal growth in the cool weather of autumn. 

a. Late cabbage— Brassica oleracea 


Cool 

Terminal 

Var. capitata 

100 

temp. 

bud 

b. Late cauliflower— Brassica oleracea 


Cool 

Stem and 

Var. botrytis 

100 

temp. 

abortive bud 

c. Broccoli— Brassica oleracea 


Cool 

Stem and 

Var. botrytis 

90 

temp. 

buds 

d. Brussels sprout— Brassica oleracea 


Cool 


Var. gemmifera 

120 

temp. 

Lateral buds 

e. Celery— Apium graveolens 


Cool 


Var. dulce 

160 

temp. 

Petiole 

f. Celeriac— Apium graveolens 


Cool 

Stem and 

Var. rapaceum 

160 

temp. 

petiole 

g. Chinese cabbage {Pe-tsai) 


Cool 


Brassica pekinensis 

80 

temp. 

Foliage buds 

h. Chinese cabbage {Pakchoi) 


Cool 


Brassica chinensis 

80 

temp. 

Foliage buds 

C. Cool-season crops that will endure summer heat 



1. Root crops that endure summer heat but not winter freezing 


a. Beets— Beta vulgaris 

50-60 

Cool 

Hypocotyl 



temp. 

root and 
foliage 

b. Carrots— Daucuscarota 



Hypocotyl 

Var. sativa 

60-70 


and root 

2. Root crops that withstand winter freezing as well as summer heat 

a. Parsnips— Pastinaca sativa 

130 


Hypocotyl 
and root 

b. Salsify 



Hypocotyl 

Tragopogon porrifolius 

140 


and root 

c. Horse-radish 




Armoracia rusticana 

180 


Root 

d. Skirret— Sium Sisarum 

150 


Root 

* 

3. Greens that endure summer heat 




a. Chard— Beta vulgaris 




Var. Cicla 

60 


Foliage 

b. Kale— Brassica oleracea 


Cool 


Var. acephala 

60 

temp. 

Foliage 

c. Tampala— Armarantus 




gangeticus 

50-60 


Foliage 

d. Collard— Brassica oleraceae 


Cool 


Var. acephala 

65-80 

temp. 

Foliage 
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Classification of Vegetables (Adapted from Lloyd) (cont’d.) 

Conditions 



Days to 
edible 

producing 

flowers 

Edible 

Type of vegetable 

maturity 

and seed 

Portion 

e. Dandelion— Taraxacum officinale 

70 


Foliage 

f. Sprouting broccoli— Brassica oleracea 


Cool 

Stem, foliage, 

Var. italica 

60-70 

temp. 

flower bud 

g. Orach— Atriplex hortensis 

40-60 

Foliage 

4. Salad plants that endure heat. 

a. Parsley— Petroselinum hortense 

70 


Foliage 

b. Upland Cress— Barbarea vulgaris 

40-50 


Foliage 

c. Endive— Chicorum Endivia 

90 


Foliage 

d. Witloof chicory 


Long 

Foliage and 

Chicorum Intybus 

120 

days 

hypocotyl 

5. The onion group 

a. Onion— Allium Cepa 

90 

Long 



days 

Cool 


b. 

Leek— 

Allium Porrum 

120 

temp. 

Bulb 

Foliage 

c. 

Gzwlic- 

—Allium sativum 

120 


Bulb 

d. 

Shallot 

—Allium ascalonicum 

120 


Bulb 

e. 

Chive- 

-Allium Schoenoprasum 

60 


Foliage and 

f. 

Cibol- 

-Allium fistulosum 

100 


bulb 

Enlarged 

Potato— Solanum tuberosum 

95 

Short 

crown 





days 

tubers 

formed 

Tuber 


7. Perennial crops 

a. Asparagus— Asparagus officinalis 

Var. altilis 700 

b. Rhubarb— Rheum Rhaponticum 700 

c. Globe artichoke— Cynara Scolymus 200 


d. Jerusalem artichoke 

Helianthus tuberosus 180 

e. Sea kale— Crambe maritima 700 

II. Warm-season crops 

A. Warm-season crops usually not transplanted 
1. Beans 

a. Dry shell bean (Semi-pole)— 

Phaseolus vulgaris 
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Classification of Vegetables (Adapted from Lloyd) (cont’d.) 


Conditions 



Days to 

producing 



edible 

flowers 

Edible 

Type of vegetable 

maturity 

and seed 

Portion 

b. Snap bean (Pole)— Phaseolus vulgaris 

Some 



60-70 

long 




and 




some 




short 

Pods and 



days 

seed 

c. Snapbeans (Bush)— Phaseolus vulgaris 


Pods and 


50-60 


seed 

d. Pole Lima— Phaseolus limensis 

80-90 


Seed 

e. Bush Lima— Phaseolus limensis 




Var. limenanus 

65-75 


Seed 

f. Sieva Lima— Phaseolus lunatus 

65 


Seed 

g. Mung bean— Phaseolus aureus 

60 

Short 




days 

Seed 

h. Tepary bean— Phaseolus acutijolius 


Short 


Var. latifolius 

60 

days 

Seed 

i. Soybean^— Glycine Max 

100 


Seed 

j. Scarlet runner— Phaseolus coccineus 

90 

Long 

Seed and 

# 


days 

roots 

k. Jack bean— Canavalia ensijormis 

80 

Short 




days 

Seed 

1. Velvet bean 


Short 


Siizolobium deeringianum 

70 

days 

Seed 

m. Rice bean— Phaseolus calcaratus 

60 

Short 




days 

Seed 

2. Corn 




a. Sweet corn— Z^a Mays 




Var. rugosa 

60 


Fruit 

b. Popcorn— 




Var. everta 

no 


Fruit 

3. Okra— Hibiscus esculentus 

50-60 


Fruit 

4, Vine crops 




a. Muskmclon— Cucumis Melo 

80-100 


Fruit 

b. Watermelon— Citrullus vulgaris 

80-110 


Fruit 

c. Chayote— Sechium edule 

180 


Fruit 

d. Cucumber— Cucumis saiivus 

60 

More 




female 




flowers 




short 




days 

Fruit 

e. Gherkin— Cucumis Angaria 

60 


Fruit 

f. Squash— Cucurbita maxima 

50-100 


Fruit 

g. Pumpkin— Cucurbita 




(pepo and moschata) 

100 


Fruit 

5. New Zealand spinach 




Tetrogonia expansa 

90 


Foliage 
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Classification of Vegetables (Adapted from Lloyd) (cont’d.) 



Days to 

Conditions 

producing 



edible 

flowers 

Edible 

Type of vegetable 

maturity 

and seed 

Portion 

6. Tropical plants 

a. Yam— Dioscorea alta 

180 

Tubers 

form 

Short 

days 

Tubers 

b. Yautia Xanthosoma sp 

180 


Tubers 

c. Taro— Colocasia sp 

180 


Tuber 

7. Martynia— Proboscidea louisiana 

100 


Fruit 

Warm-season crops that require transplanting in order to mature a large crop 

in temperate zones 

1. Tomato— Lycopersicon esculentum 

90 


Fruit 

2, Eggplant— Solarium melongena 

Var. esculentum 

120 


Fruit 

3. Pepper— Capsicumfrutescens 

100 

Short 

days 

Fruit 

4. Sweet potato— Ipomoea Batatas 

160 

Root 


Plants are divided into four groups. 

1. Thallophyta 

2. Bryophyta 

3. Pteridophyta 

4. Spermatophyta 

With the exception of mushrooms, which belong to the thallo- 
phytes, most of the cultivated vegetables are spermatophytes. Sper- 
matophytes are subdivided into gymnosperms (ovules naked) and 
angiosperms. No vegetables are found among the gymnosperms. 
Angiosperms are further divided into Monocotyledoneae (one 

seed leaf) and Dicotyledoneae (two seeded leaves). 

Vegetable families. Two families include all the cultivated vege¬ 
tables that are monocots. They are Gramineae, a grass family of 
which sweet and popcorn are the only representatives, and Lil- 
aceae or lily family. Asparagus, onion, leek, garlic, shallot, and 
chive are the principal vegetables belonging to this family. 

The dicots include the twelve families listed below. 

Aizoaceae or Carpetweed family. New Zealand spinach is the 

only important vegetable belonging to this family. 

Chenopodiaceae or goosefoot family. Beets, chard, orach, and 

spinach belong to this family. 

Compositae or composite family. Globe and Jerusalem arti- 
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choke, lettuce, dandelion, chicory, endive, and salsify are included 
in this family. 

Convolvulaceae or morning-glory family. The sweet potato is 
the only vegetable in this family. 

Cruciferae or mustard family. This family includes broccoli, 
Brussels sprouts, cabbage, Chinese cabbage, cauliflower, cress, 
horse-radish, kale, kohlrabi, mustard, radish, rutabaga, sea kale, 

and turnip. 

Cucurbitaceae or gourd family. Vegetables included in this fam¬ 
ily are cucumber, cantaloupe, casaba melons, watermelons, pump¬ 
kins, squash, and chayote. 

Leguminosae or pulse family. Beans and peas are included in 
this family. 

Malvaceae or mallow family. Okra is the only important vege¬ 
table belonging to this family. 

Martynaceae or martynia family. This family also includes only 
one vegetable, Martynia. 

Polygonaceae or buckwheat family. The buckwheat family in¬ 
cludes rhubarb, sorrel, and dock. 

Solanaceae or nightshade family. This family includes the po¬ 
tato, eggplant, pepper, and tomato. 

Umbelliferae or parsley family. Included in this family are car¬ 
rots, parsnips, parsley, celery, celeriac, skirret, and chervil. 

REVIEW QUESTIONS 

1. At what two seasons of the year can the cool-season crops that 
quickly reach edible maturity be grown? 

2. Why is it necessary to transplant certain of the warm-season crops? 

3. Why should the cool-season crops that quickly reach edible ma¬ 
turity be planted adjacent to each other? 

4. Why is it necessary to transplant certain cool-season crops which 
require a long time for maturity? 

5. Why is it desirable to clearly understand the classification of vege¬ 
tables? 
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chapter 5 


Soils and Fertilizers 



Present-day demands are for fertilizers that increase the mineral 
and vitamin contents as well as other food values of vegetables. 
These new demands arise from the knowledge that vegetables are 
essential for proper nutrition. They are protective foods. But all 
varieties of the same vegetable may not be equally nutritious. Some 
varieties of carrots contain more pro-vitamin A than others. Fer¬ 
tilizer treatments alter the mineral content of many vegetables. 
(See chapter 2.) Minerals such as calcium, phosphorus, magnesium, 
iron, and many others are necessary for animals as well as plants. 
Leafy vegetables grown on extremely fertile soils will produce 
maximum yields with or without anything but a trace of iodine in 
the soil. However, the application of a few pounds of potassium 
iodide per acre may produce leafy vegetables that contain enough 
iodine to prevent simple goiter. The present demand is for vege¬ 
tables grown and fertilized so that they provide a maximum of 
vitamins and minerals. 

Economy demands that fertilizers be applied so that they in¬ 
crease yields to such an extent that the crops can be grown profit¬ 
ably at the higher farm wage levels. 

We in America have dissipated the natural fertility of our soils 
• more rapidly than any other nation, and the time is near at hand 
when we will be compelled to correct these deficiencies. Forward- 
looking gardeners are either augmenting the fertility reserve of 
their soils by artificial means or are laying aside some cash for fu¬ 
ture use in the hope that there will be an adequate supply of cheap 

fertilizer available in the near future. 

From the foregoing r^sum^ it is probably evident that there are 
at least two different procedures follpwed in fertilizing vegetables. 
In general, these methods can be designated as (1) intensive and 

(2) extensive. 

Intensive gardening. Intensive gardeners apply large amounts of 
commercial fertilizers and organic matter. Soils cultivated by this 
group, which includes market gardeners and our most successful 
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potato growers, receive annual applications of from 750 to 2500 
pounds per acre of a complete fertilizer. In 1942, over 17 per cent or 
1,765,400 tons of fertilizer were used to grow vegetables, including 
potatoes, sweet potatoes, and dry beans. Market, gardeners apply in 
addition approximately 15 tons of manure per acre annually. Ap¬ 
plications vary widely in different sections, but a surprisingly effec¬ 
tive treatment for these intensively cultivated soils consists of from 
1000 to 1500 pounds per acre of a complete fertilizer plus 15 tons of 
manure. Soluble nitrogenous fertilizers are used as side dressings 
when they are needed—and they are commonly needed for leafy 
vegetables. Potato growers generally increase the organic matter 
supply by plowing under green cover crops primarily because they 
are cheaper than manure and also because manure encourages scab 
in some instances. The potato growers make a little more effective 
use of the commercial fertilizer by applying practically all of it in 
bands along the sides of the rows. 

Vegetables grown on these highly fertile soils are generally of 
the highest quality. In addition to the necessary minerals these 
gardeners also provide adequate moisture and other requirements 
which frequently necessitate the use of specialized equipment of 
various kinds. Their soils are now more fertile than they were a 
hundred or more years ago. On these rich soils it is not so impor¬ 
tant to utilize a specific fertilizer for each application. Enough is 
applied for the needs of all crops and, with the exception of the 
nitrogen always needed for leafy vegetables, the omission of an 
application for an entire year, although not advisable, would prob¬ 
ably not greatly reduce the yield. 

Extensive gardening. The other type of vegetable gardening— 
the extensive type—makes use of less fertile soils where more exact¬ 
ing fertilizer practices must be followed for success. In this type, 
vegetable production is frequently only a side line, and the farmer 
finds it difficult to master the details essential for success. This is the 
type of gardening that will probably net the greatest increase in 
acreage during emergencies. 

A few rules as well as simple soil and plant analyses may be 
helpful in arriving at a useful fertilizer program. 

1. Acid silt-loam soils usually need additional phosphorus for 
vegetables. 

2. Sandy soils usually need both nitrogen and potash applica¬ 
tions before they produce profitable crops of vegetables. 
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3. Muck soils and dark soils usually contain inadequate amounts 
of potash for successful vegetable culture. 

4. Leafy vegetables, especially spinach, require large and con¬ 
stantly available supplies of nitrogen. 

5. Root crops require adequate supplies of potash. 

6. Fruitful crops, tomatoes for example, require a liberal 
amount of phosphorus. 

7. Fertilizer, applied in bands at the sides of rows and slightly 
deeper than the seed, is generally more effective in giving the crops 
a good start and in increasing yields than the same amount broad¬ 
cast. 

8. Fertilizer applied in the bottom of the plow furrow is fre¬ 
quently €ffecti\'e in enabling the crop to complete its growth with 
an adequate supply of fertility and hence produce a high yield. 

9. Most \ egetables tolerate and many thrive best in a soil acidity 
adjusted to lie between pH 6 and pH 7. 

Quick soil and plant tests and the ability to recognize the hunger 
signs of vegetables are useful supplements to the foregoing rules. 
Quick soil tests for acidity, phosphorus, potash, and in some in¬ 
stances other elements are made free of charge by the extension 
workers in some states. They are a valuable supplement, but inas¬ 
much as the chemical tests are frequently at wide variance with 
crop needs, they should not be depended upon exclusively. 

More reliable indices can be secured by noting the type of 
growth made by the plants. Chemical tests of these plants often 
confirm conclusions drawn from observations. To be most useful 
these observations must be continued from year to year, and future 
fertilizer applications should be based upon past observations. 
Yield data are useful in the same way. Applications of soluble ni¬ 
trogenous fertilizers, made during the growing season, are effective 
for nitrogen hunger if washed down to the roots by rainfall or ir¬ 
rigation water. In general, phosphates and potash applications 
must be made at a depth of from 3 to 9 inches before the roots of 
the plants have made much growth, as these fertilizing materials, 
with a few exceptions, do not move upward or downward in the 

soil with the soil moisture as do nitrates. 

Hunger symptoms. The hunger symptoms of vegetables have 

been described and illustrated in many publications. Every vege¬ 
table grower should have access to some such publication. The sue- 
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cessful vegetable grower must be a plant doctor and as such must 
be able to recognize deficiency symptoms. 

Nitrogen hunger is characterized as a rule by stunted plants that 
have light green to yellowish leaves on the older portions of the 
plants. (Beet leaves turn purple.) The entire surface of the leaves 
becomes yellow without the presence of dead spots, as is the case 
if the yellowing is caused by insect or disease attacks. The lack of 
nitrogen produces constricted blossom ends on cucumber fruits. 
Nitrogen hunger is most prevalent on sandy soils and on older 
plants. It can be corrected in a few days’ time with surface applica¬ 
tions of from 100 to 200 pounds of sulphate of ammonia if water 
is applied so that the nitrogen reaches the roots. Twenty-three 
per cent of all commercial nitrogen sold in the United States is 
used for vegetable and potato culture. 

Important sources of nitrogen include sulphate of ammonia, 
cyanamide, nitrate of soda, calcium nitrate, urea, and ammonium 
nitrate. The nitrate of soda, the calcium nitrate, and half of the 
ammonium nitrate are in the nitrate form and are immediately 
available to plants. They are also leachable, i.e., they are soluble 
and may be washed away by excessive rainfall. The nitrogen in 
sulphate of ammonia, cyanamide, urea, and organic fertilizers such 
as dried blood must be oxidized to the nitrate form before being 
utilized by plants. Moreover, it is less soluble and less likely to 
leach away prior to oxidation. When applied at a depth of from 
6 to 9 inches, these latter fertilizers provide a continuous supply 
of nitrogen, especially on heavy soils where the oxygen supply is 
limited. 

The nitrogen in the form of ammonia is said to be available di¬ 
rectly to some plants when the pH of the soil is 7 or above. 

Phosphorus hunger causes the plant to become stunted and the 
foliage to become dark green to purplish in color. The dark green 
color of phosphorus-starved plants is often deceptive as growers 
generally consider a dark green color to be an indication of health. 
A light-green-colored tomato plant, for instance, often is capable 
of yielding twice as much as its dark-green-colored neighbor. As 
has been indicated, phosphorus hunger must be anticipated and 
corrective measures taken before the crop is planted, as the ferti¬ 
lizer is only slightly soluble and hence must be placed at root 
depth before the roots form. 
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Important sources of phosphorus include superphosphate and 
treble phosphate. Basic slag and rock phosphate are also used in 
some sections. Superphosphate and treble phosphate contain rela¬ 
tively more of monocalcium phosphate, and the phosphorus 
therein is considered to be more quickly available to plants. When 
mixed with soil the phosphorus combines with calcium to form the 
less soluble and less quickly available tricalcium phosphate. Thus 
treble phosphate applied in bands and not mixed with the soil is 
considered to be more quickly available for plants. 

Potash hunger is often confused with conditions brought about 
by fungus diseases, as potash hunger results in the speckling of the 
foliage and the death of the margins of the leaves. It also produces 
poorly colored and lopsided tomato fruits and cucumbers with 
constricted stem ends. Fertilizer applications for potash hunger 
must also be made before the crop is planted. 

Important sources of potash include muriate of potash and sul¬ 
phate of potash. Kainit is also used occasionally. 

Sulphur is found in inadequate amounts for maximum yields of 
crops in some western states. The use of gypsum as a filler in com¬ 
plete fertilizers usually takes care of the crop needs. 

Fertilizer formulae. With these generalizations in mind we are 
now ready for some specific recommendations for fertilizer for¬ 
mulae. First, we should correct the pH to 6 to 7 by the addition of 
lime, except for potatoes when it should be 5.0 to 5.2 if scab is 
prevalent. Muck soils require more calcium carbonate to effect pH 

changes than silt-loam and sandy soils. 

For silt-loam soils, a formula high in phosphorus is essential such 
as a 2-12-6 or a 4-10-6. The exact ratio should be modified if 
quick soil or plant tests, hunger signs, or other data indicate the 

greater need for any fertilizer material. 

For sandy soils, a 4—10—6 or 5—8—8 may be advisable. Note that 
larger amounts of nitrogen are used. In addition to that, such soils 
frequently require additional surface applications of soluble ni¬ 
trogenous fertilizers during the growing season. Larger amounts 
applied before the crop is planted are likely to be leached away. 
Sulphate of ammonia, cyanamide, or ammonium nitrate plowed 
under to a depth of from 6 to 9 inches is not leached away nearly 

as rapidly as it is when applied as surface dressings. 

For black soils and muck, 0-8-24, 3-9-18, or 0-12-12 fertilizer 

is generally recommended. Here potash is usually the limiting e e- 
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ment, and applications should be made at a depth of from 3 to 9 
inches a^ the time the crop is planted or prior to that time. 

Application. The amount to apply varies with the method em¬ 
ployed. The most effective results for small applications are ob¬ 
tained by placing the fertilizer in bands several inches away from 
both sides of the rows and slightly deeper than the seed, about 3 
inches deep. For sweet corn and beans planted in rows three feet 
apart, applications of from 125 to 150 pounds per acre produce 
excellent results. Of course such small applications do not add to 
the fertility of the soil. Broadcast applications of 500 pounds or 
more are generally required to effect equally good increases in 
yield. 

If the rows are 18 rather than 36 inches apart, the same rate ap¬ 
plied as band applications would require from 250 to 300 pounds 
per acre, and in rows 12 inches apart, as for onions, it would re¬ 
quire from 375 to 450, pounds per acre. Except for potatoes, where 
the fertilizer is applied well to the side of the rows, it is not con¬ 
sidered good practice to apply more than 1000 pounds in bands at 
the side of the rows even if the rows are only 12 inches apart. If 
greater amounts are used for the production of bumper crops, 
some of the fertilizer should be placed in the bottoms of plow fur¬ 
rows. Larger amounts are also similarly applied when asparagus 
patches are started. 

Surface applications of soluble nitrogenous fertilizers should be 
made during the growing season as needed. The need for these 
nitrogenous applications becomes greater as the amount of the 
phosphorus and potash applications is increased. 

The application of fertilizer in the bottoms of plow furrows has 
many advantages. Phosphorus can be placed in bands when it is 
not subjected to great soil surfaces and immediate inversion to less 
soluble forms. Nitrogenous fertilizers which require oxygen to 
convert them into available and leachable forms (i.e., sulphate of 
ammonia and cyanamide) will become available slowly and as 
needed throughout the growing season, thus making it unneces¬ 
sary to make frequent surface applications which may not reach 
the roots if water is not applied. Furthermore, the nitrogen will be 
below the roots, and as it moves upward during dry seasons the 
roots of growing crops will absorb some or all of it before it reaches 
the surface. Much of the nitrogen starvation during dry seasons is 
caused by the fact that the nitrogen is on the surface of the soil 
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above the roots. Nitrogen applied on the surface of the soil always 
favors weed growth, and this is often the cause of crop failures. 

The foregoing facts show that the greatest response from ferti¬ 
lizers can be obtained if a portion of perhaps i/^ to 1 / is applied in 
bands on both sides of the seed at a depth of from 2i/^ to 3 inches 
and at a distance of from 2 to 3 inches from each side of the seed. 
The remainder should be broadcast on the surface and plowed 
under or applied in the bottom of the plow furrow as a so-called 
plow sole application. In this position the fertilizer will be avail¬ 
able for the crop when its roots reach the greater depth and when 
the need for fertility will be greatest. 

If plants are transplanted, a starter solution should be used 
in addition. This can be secured by placing 4 pounds of a com¬ 
mercial fertilizer in 50 gallons of water and using the soluble 
portion in the transplanting machine. The insoluble portion con¬ 
taining insoluble phosphorus can be broadcast and plowed under. 
Completely soluble fertilizers can also be purchased. Liquid phos¬ 
phoric acid 1 pound (75 to 85 per cent P20g), sulphate of ammonia 
1 pound, and muriate of potash 1 pound, or any similar mixture 
is completely soluble. Not more than 4 pounds of this soluble 
mixture should be used in 50 gallons of water, as the high concen¬ 
tration is liable to be toxic, and may plasmolyze the plants. Starter 
solutions are usually used at the rate of approximately one half 
pint per plant at setting time. If the soils are dry, more water will 
be needed than will be the case if the soils are moist. 

Trace elements. The so-called trace elements are becoming in¬ 
creasingly important. The following summary with table indi¬ 
cating sources of the trace elements, written by R. H. White- 
Stevens, indicates the importance of some of these fertilizing mate¬ 
rials. 

Calcium. Calcium, although considered a major element by many, is 
for the purpose of this discussion listed with the minors. 

The function of calcium in plant nutrition has been well defined by 
science. It has three major roles which serve to illustrate its profound 
importance. It is the chief building cement of the growing plant, hold¬ 
ing the cells together very much the same as mortar holds bricks. It 
plays a significant role in controlling the absorption and retention of 
plant foods absorbed from the soil. It is the most efficient stabilizer and 
antidote of poisons and toxins which may be absorbed or developed 
within the plant. 1 hus, its inclusion in the plant’s nutrition is essential. 
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Besides these facts, in practical field culture, calcium in the form of 
lime is the most important agent available as a corrective of excess 
soil acidity. It may be considered, when employed correctly, as a soil 
as well as a plant stabilizer against certain soil toxins. 

When plants lack calcium, the growth of the plant ceases, and if 
the deficiency remains uncorrected, the cells commence to separate for 
want of an adequate connective agent, and die. This condition becomes 
apparent as a dying back of the edge of leaves and the death of the 
growing points. When this stage arises there is little hope of a successful 
recovery. 

Calcium deficiency is a comparatively rare occurrence in vegetable 
culture, and when it is believed present, it is more often than not 
simply a question of soil acidity and, strictly speaking, not a calcium 
deficiency. Nevertheless, certain soils, usually well-drained sections of 
sandy types, may develop calcium deficiency. The excess acidity, how¬ 
ever, which generally precedes such a calcium deficiency is more ap¬ 
parent than the low calcium supply, and such other complications as 
aluminum toxicity may develop. Where moderate to heavy applications 
of complete commercial fertilizers are used, it is most unusual to find 
that calcium is deficient. The grower needs to realize clearly the dif¬ 
ference between calcium deficiency as such, and the need for lime as 
a corrective for soil acidity; for frequently acid soils may be rich in 
available calcium. 

A common cause of trouble confronting the grower in relation to 
calcium nutrition is the excessive use of lime. Overliming is frequently 
as damaging a factor in crop failures as underliming. Not only does 
overliming result in raising soil reaction too high, but it may also co- 
incidently render other essential elements unavailable, for example, 
phosphorus, iron, manganese, and boron. The accurate estimation of 
adequate lime requirements is a problem with which soil scientists are 
currently employed; and until it is solved for universal practical appli¬ 
cation, the grower must be on his guard as constantly against overlim¬ 
ing as against underliming. 

Aluminum. Aluminum is an element to which we will refer but 
briefly. From the practical standpoint it becomes a problem chiefly 
under conditions of excess soil acidity, when it injures plants by its 
toxic action. Indeed, it is frequently held that the injury produced on 
many vegetable crops by an excessively acid soil is due, in the major 
part, to aluminum toxicity. There is little sound evidence that alumi¬ 
num is an essential plant nutrient. 

Copper. Copper is an element which has been found deficient under 
certain conditions. As it appears to be involved in plant growth, its 
presence would seem essential for crop production. Soils lacking in 
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available copper have been mostly highly organic types such as peats 
and mucks. Definite cases of crop improvement have been reported 
from New York and Florida by the application of copper sulphate 
(blue stone) at the rate of from 25 to 50 pounds per acre. In New York 
the color of onions was definitely improved by the addition of from 200 
to 300 pounds of copper sulphate per acre. 

Under most field conditions the use of copper sprays and dusts for 
disease and insect control will supply sufficient copper to the soil in 
the event it be lacking. There is little satisfactory evidence that the 
inclusion of copper in the general fertilizer program is advisable. Cop¬ 
per can become a severe plant poison if used in excess, and no grower 
should apply it as a soil amendment without advice from appropriate 
sources. 

Iron and manganese. Iron and manganese deficiencies may frequently 
occur from similar causes. Both are quite plentiful in most soils, but 
may be rendered unavailable by overliming. Their functions in the 
plant are also closely related and, therefore, their deficiency symptoms 
are rather similar. Stunted growth, yellowing of the leaves, and, in the 
case of manganese, flecking of the foliage with grayish-brown spots in 
certain severe cases, are the chief symptoms of deficiency of these 

elements. 

In general practice, iron and manganese deficiencies will not occur 
unless the soil reaction has become too high by overliming or the con¬ 
tinuous and excessive use of alkalizing fertilizers, such as calcium ni¬ 
trate and calcium cyanamide, upon soils already high in alkalinity. 
With crops such as spinach, lettuce, and onions, it is very easy to ob¬ 
tain manganese deficiency from these practices. 

On soils which are underlain by a calcareous substrate and naturally 
tend to be alkaline, cases of iron or manganese deficiency can be cor¬ 
rected by either applying these elements to the soil in a solid, readily 
soluble form or else spraying them on the plant foliage as a solution. 
However, the application of iron (ferrous) sulphate at the rate of from 
10 to 20 pounds per acre and manganese sulphate at the rate of from 
20 to 50 pounds per acre, distributed solid either broadcast before the 
crop is planted or else as a side dressing in bands after planting, is 
usually found adequate to control emergency situations for vegetable 
growers. However, reduction of soil alkalinity remains the safest and 

surest method of control in most cases. 

Magnesium. Magnesium is an essential plant nutrient. It is a com¬ 
ponent of the green coloring matter, or chlorophyll, of the plant. The 
typical symptoms suggestive of magnesium deficiency are stunted 
growth and yellowed lower leaves. Its occurrence is most frequently 
found on well-drained sandy soils of the coastal plain region. There 
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is some evidence that magnesium may be deficient in a soil to a degree 
sufficient to reduce yield and possibly quality without being apparent 
as visible injury to the crop. This fact points to the advisability of 
using at least moderate quantities of dolomite in the liming program, 
and possibly other sources of more readily available magnesium, such 
as the sulphate, particularly in those regions known to be low in 
natural soil magnesium. Certainly its moderate use can do no harm, 
and its slight cost may be considered wise insurance. 

Zinc. Zinc now appears as an element essential for the growth of 
many plants and possibly all. Under practical conditions, although 
zinc is least prevalent in sandy soils, it is generally found unavailable 
and consequently deficient in neutral or markedly alkaline soils. Al¬ 
though it has been found lacking under field conditions in certain 
citrus and pecan orchards, it has not become a problem to the vegetable 
grower as yet. And if it does, the chances are good that he can meet it 
successfully by simply reducing his soil reaction slightly. In Florida, 
it has been found that on excessively ’alkaline soils beans produced in¬ 
ferior crops unless sprayed with a zinc sulphate solution, 2 to 5 pounds 
to 50 gallons, which could be included in a Bordeaux spray, for con¬ 
venience without injury. 

Boron. Boron deficiency is one of the most prevalent and injurious 
deficiencies confronting the vegetable grower. It has undoubtedly been 
present for a number of years, although not as widespread nor as 
severe as it has become in the last twenty years. The disease is of such 
a nature that an apparently sound crop may almost reach market 
condition when the deficiency may strike and ruin 50 per cent to 100 
per cent of the crop. In 1937 on Long Island, one grower lost 97 per 
cent of his twenty acres of cauliflower in about two weeks. This situa¬ 
tion makes it essential for the intelligent vegetable grower to realize full 
well the possibility of a boron deficiency striking his crop. He should 
know what crops are most liable to affliction, under what conditions 
the deficiency is most likely to occur, and what are the most suitable 
and practical methods for its control. 

There is no doubt that boron deficiency is more liable to develop 
on some vegetable crops than on others. Rutabagas, cauliflower, and 
beets are quite susceptible, as they are prodigious feeders of this ele¬ 
ment. Salad crops appear less likely to develop injury, although celery 
is quite commonly affected. Carrots and parsnips have frequently been 
found affected by symptoms known to be caused by boron deficiency. 
Legume crops, such as peas and beans, and solanaceous plants, such as 
potatoes, tomatoes, eggplants, and peppers, do not appear to show the 
disease even when grown on soil which shows deficiency for beets and 
rutabagas. This does not mean that these crops do not need boron, for 
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Fig. 7. Lejt: Growth-controlled beet. Right: Boron-deficient beet. 


it has been definitely shown they cannot grow without it, but merely 
that they are capable of growing adequately with smaller available 
(juantities of it than beets, turnips, and cauliflower. (See Fig. 7.) 

The symptoms of a boron deficiency are quite similar on practically 
all crops upon which it has been found. Slowing up of growth with 
idtimate death of the growing point and lateral buds, puckering and 
death of the young leaves, a coincident thickening of the older leaves 
rendering them extremely brittle, frequent purpling of the foliage, 
particularly older foliage, splitting of leaf stalks, and various forms of 
breakdown and decay of roots are the most obvious and general symp¬ 
toms of the various progressive stages of a boron deficiency. These 
symptoms are in part reversible, and, if the condition has not prevailed 
sufficiently long, the plant may recover if boron becomes available. 

With many minor element deficiencies, if the deficiency is not too 
severe, the plant may limp along by the simple expedient of shifting 
the necessary element from one part to another where it is needed to a 
greater extent. This is found with magnesium deficiency in certain 
cases, when the plant may translocate it from the old leaves to the new. 
With boron deficiency this does not appear to occur, and unless a 
continual stream of boron enters the plant throughout its entire 
growth, it immediately shows signs of distress. 
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Probably the most harmful condition attendant upon a boron defi¬ 
ciency is the frequent decided reduction in quality of the crop. Thus, 
with beets and rutabagas, even though the plants appear healthy and 
marketable, if they have been growing with too low a boron supply, 
they will taste flat and woody when cooked or processed. The same 
condition is found in cauliflower heads which have been grown on soil 
with insufficient available boron. Such plants are low in sugars, and not 
only may yield poorly but have weak storage stability and are found to 
break down in shipment. This fact makes boron deficiency extremely 
serious, as the grower may ship his goods in all good faith, but, because 
his produce is of poor quality, his trade name and reputation may 
suffer disproportionately to his offense. 

The conditions of field culture which have brought boron deficiency 
so much into the front line during the last few years may be considered 
to be intensive cropping systems and the continual use of high grade 
artificial fertilizers. Thus, with continual exhaustion and no return, 
the soil readily becomes depleted of this essential element. In the past, 
the use of such fertilizers as guano for nitrogen and kainit for potash 
included many essential minor elements such as boron, and the prob¬ 
lem did not appear so general. However, this must not be construed as 
an argument for the return to these fertilizers, but merely that since the 
use of modern fertilizer materials has now brought the problem to the 

fore, we must be prepared to meet it with correct application of these 
essential elements. 

Many soils are naturally well stocked with available boron com¬ 
pounds and may never develop the deficiency, but others do develop it 
during cultivation for a number of reasons. On alkaline soils, or those 
close to the neutral point, the boron present in the soil tends to be 
tied up in insoluble forms and is consequently unavailable. This con¬ 
dition can also be readily induced by overliming of soils even naturally 
acid. On such soils, then, it is frequently observed that wet weather or 
irrigation tends to reduce the deficiency due to the dual effect of the 
increased soil water upon reducing alkalinity by leaching, and upon 
increased boron solubility. On acid soils, however, wet weather and 
irrigation tend to increase the deficiency owing to the excess water 
leaching the soluble boron from the soil. Thus, we frequently find that 
on alkaline soils boron deficiency tends to become severe in dry years, 
and may disappear altogether during wet seasons, while the precise 
reverse holds on acid soils. This fact must be kept in mind by the 
^ower when he considers the possibility of a boron deficiency appear¬ 
ing in his soil. It is also known that boron starvation can be induced 
by increasing the potash content of soils. 

These facts are of immense importance in considering practical con- 



64 


VEGETABLE SCIENCE 


trol measures for boron deficiency. Certainly the fundamental control 
is to supply boron to the needy plants. On naturally alkaline soils, and 
those rendered so artificially by overliming, this can, on occasion, be 
effected by simply reducing reaction by the use of acidifying fertilizers, 
such as ammonium sulphate, ammophos, or even flowers of sulphur. 
This procedure, however, is not always effective and recourse has to 
be taken to applying boron in a readily available form. Commercial 
borax or sodium tetraborate is usually employed and appears to be the 
most satisfactory form. Its use, however, has to be attended with con¬ 
siderable caution, as it can, when applied in excess, produce dire 
results. The most confusing fact encountered in using this substance is 
that, whereas 5 pounds per acre may be too little to apply, 20 pounds 
may, under certain conditions, be too much and reduce yields. Boron 
toxicity may be produced with as little as 1 p.p.m. in sand culture. 
Toxicity symptoms increased in severity with an increase in potassium 
concentration in the substrate. For crops which are known to be big 
feeders of this element, required application may be as high as 50 
pounds per acre without ill effects. Yet potatoes and peas have shown 
reduced yields with only 10 pounds per acre, and even on the identical 
soil where beets required more than 20 pounds for adequate growth. 
As a rule, alkaline soils need more, acid soils less, root crops more, 
leafy crops less—but these are generalizations subject to many excep¬ 
tions. The right thing for a vegetable grower to do w'hen he encounters 
what would appear to be a boron deficiency is to contact his local county 
agent or experiment station at once and follow their advice to the letter. 
It will probably pay better dividends in the long run. 

Sodium. Salt (sodium chloride) is seldom used as a fertilizer. How¬ 
ever, on some soils and especially on muck soils it may benefit celery, 
beets, sugar beets, mangels, Swiss chard, and turnips. Other Brassica 
may also be benefited. Sodium seems to be the effective component. Its 
responses are apparent only in the presence of a good supply of potash. 
Sodium, however, is not a substitute, but rather a supplement to 
potash.^ 


Home-mixed fertilizers. The figures in a 4-12-8 or similar 
formula refer to percentages of nitrogen, phosphorus pentoxide 
(called phosphoric acid), and potassium oxide (potash) respec¬ 
tively. By buying the separate ingredients and mixing the ferti¬ 
lizer on the farm, it is possible to effect a slight saving. In order to 
calculate the amount of material needed to make a ton, it is first 
necessary to calculate the number of pounds of nitrogen, phos- 


1 Prepared for use by Vegetable Growers' Association 
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phoric acid, and potash that are to be supplied by the formula. 
For example, there will be 4 X 2000 or 80 pounds of nitrogen (N), 
12 X 2000 or 240 pounds of phosphoric acid (P20g), and 8 X 2000 
or 160 pounds of potash (K 2 O) needed to make a ton of a 4-12-8 
fertilizer. If the nitrogen is to be obtained from sulphate 
of ammonia containing 21 per cent nitrogen, the proportion 
21:100::80:x will give a value of 381 or the number of pounds 
of sulphate of ammonia required. Similarly, the amount of 20 
per cent superphosphate will be found to be 1200 pounds and the 
amount of 50 per cent muriate of potash will be 320 pounds. 
This makes a total of 381 + 1200 -(- 320 or 1,901 pounds. To make 
an actual ton it will thus require 99 pounds of filler. Commercial 
firms commonly employ gypsum as a filler. Farmers merely apply 
the 1,901 pounds in lieu of the ton. The amounts of other sources 
of nitrogen, phosphoric acid, and potash needed to make different 
formulae can be calculated in a similar manner. If more than one 
source of nitrogen is desired, the amount of each source can be 
calculated, using the same kind of proportion. The same is true 
of the phosphoric acid and the potash. 

Commercial firms choose sources that are least likely to harden 
upon standing. They also use fillers that prevent caking. Farmers 
can avoid these difficulties by applying the mixture as soon as it is 
mixed. The use of granulated or pelleted forms of fertilizer par¬ 
tially eliminates the caking problem. Organic forms of nitrogen 
also help to maintain a good physical condition of the mixed ferti¬ 
lizer. Lime and basic slag should not be used in mixed fertilizers 
as it causes the phosphorus to revert to a less available form and 
may also liberate free ammonia. 

The actual mixing can be accomplished by cement mixers or by 
shoveling back and forth on a cement floor. 

Manure. Manure adds organic matter as well as some fertility. 
As indicated in the Preface, organic matter is helpful in secur¬ 
ing adequate aeration. It improves heavy soils by making them 
looser and more easily tilled. It improves sandy soils by mak¬ 
ing them more retentive of moisture and fertility. It may even 
improve muck soil by the addition of beneficial microorgan¬ 
isms. Manure reduces the acidity of highly acid soils. It also liber¬ 
ates carbon dioxide which is useful in photosynthesis. In order to 
secure the maximum benefits in the form of humus it is essential 
that the nitrogen-carbon ratio be in the neighborhood of 1 to 12. 
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If less nitrogen is present more humus will be lost in the form of 

carbon dioxide. 

Furthermore, crops grown on land receiving larger applications 
of strawy manure are frequently unable to get an adequate supply 
of nitrogen. This is due to the fact that the microorganisms re¬ 
sponsible for the breakdown of the manure utilize all of the 
nitrogen. Nitrogen applications are essential when grass sods or 
heavy applications of strawy manure are plowed under. 

Horse manure contains approximately 10 pounds of nitrogen, 
5 pounds of phosphoric acid, and 10 pounds of potash, i.e., a 

fertilizer formula. Cow manure contains a little less of 
all three fertilizing materials. Sheep and chicken manures contain 
more nitrogen and potash than horse manure. 

About 50 per cent of the fertilizing value of animal excrement 
is in the urine. Animals should, therefore, be well bedded in order 
to provide material for the absorption of the urine. The most 
effective use of manure can be obtained by applying it to the soil 
as soon as it is made. As soon as it is applied it should be plowed 
under. If it is necessary to store the manure it should be thoroughly 
packed to exclude air as the oxygen in the air causes excessive 
heating and loss of ammonia. Air can also be partially excluded 
by storing the manure in pits. Pits also conserve the urine and pre¬ 
vent loss by leaching. The value of manure can also be largely 
retained by turning frequently so that all portions are decomposed 
evenly without this generation of excessive heat. The resulting 
rotted manure is relatively free from weed seed and can be used 
as a mulch or as a plow under application without fear of causing 
nitrogen hunger or firing. Rotted manure is used extensively to 
fertilize the hills of watermelons, cucumbers, and muskmelons. 

As already indicated, present-day gardeners seldom use more 
than 15 tons of manure per acre. Commercial fertilizers are uti¬ 
lized to supply the major needs of nitrogen, phosphorus, and 
potassium. At present levels, the total value of nitrogen, phos¬ 
phoric acid, and potash supplied by horse manure is approximately 
$1.65. The cost of applications can be greatly reduced by using 
manure loaders and manure spreaders. 

Synthetic manures can be made from straw piles by the addition 
of nitrogen so that a 1 to 10 ratio of nitrogen to carbon is main¬ 
tained. The pile should be kept moist and turned so as to secure 
equal decomposition and prevent excessive heating. If an acid 
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source of nitrogen is used it will be necessary to add lime (CaCOg) 

to neutralize the excess acidity. One ton of straw plus 150 pounds 

of nitrate of soda plus water will make about 3 tons of manure. ‘ 

Equipment for turning the straw reduces the cost of turning. 

Turning may also be eliminated, but losses from heating are likely 
to result. 

Lime. As already indicated, the calcium from lime, although es¬ 
sential for plant growth, is seldom a limiting factor. Lime is, how¬ 
ever, frequently essential as an aid in correcting soil acidity. Some 
crops grow best in soils that are rather acid, others do best when 
the soil reaction is more nearly neutral, few thrive best on alkaline 
soils. The degree of soil acidity is usually indicated in terms of the 
hydrogen ion concentration designated as pH. Since the pH values 
are the reciprocals of the logarithmic concentrations of hydrogen 
ions, the low values indicate high acidities and the high values in¬ 
dicate low hydrogen ion concentrations, or high hydroxyl ion con¬ 
centrations. A pH of 7 indicates neutrality. A reaction of pH 6 
indicates 10 times, and a reaction of pH 5 indicates a 100 times as 
many free hydrogen ions as a pH of 7. In a like manner there are 
10 times as many free OH (hydroxyl) ions at pH 8 as at pH 7. 

Most vegetables grow best at pH values between 6 and 7. Water¬ 
melons, however, will grow in soils with a pH value as low as 4.5 
and it is generally believed that they do not grow as well if the 
values are above 6. Potato scab is partially controlled if the soil 
reaction lies between pH 5 and 5.2. Potatoes will, however, grow 
just as well or better on soils with a reaction of pH 5.2 to 7. A few 
vegetables, such as asparagus, spinach, and lettuce will grow well if 
the pH values go slightly above 7. Even these crops frequently 
suffer from manganese, iron, and boron starvation on alkaline soils 
due to the relative insolubility on soils with pH values above 7. 
Because of this danger from overliming, it is important to avoid 
the use of excessive amounts of lime. Soils with pH values between 
6 and 7 are suitable for the culture of most vegetables, provided 
other factors are favorable. 

The specific soil reactions usually recommended for vegetables 
and cover crops are shown in the accompanying diagram (Fig. 8). 

The amount of lime needed to change the pH values varies with 

the type of soil. Chemical tests are the only sure method of de- 

- > 

Fig. 8. The minimum pH and the desirable pH range for New England crops. 
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MINIMUM pH AND DESIRABLE pH RANGE 
FOR NEW ENGLAND CROPS 

Arranged bu M. F, Morgan 


pH RANGE 


4.5 


5.0 


5.5 


6.0 


6.5 


7.0 


7.S 


FIELD AND FORAGE 

ALFALFA 
CLOFSA, SFfSFT 

baalff 

CLOVEA, AiO 
BLUEGAABS, KY. 

VMOTNY 
ORCHAAD GAAB3 
RAPE 

CLOFEA, tVA/TE 
WHEAT 

CIOFEA, MAMMOTH 
CORN, FIELD 
SOYBEAN ^ 

OAT 

CLOVER, ALS/AE 
CLOVER, CRIMSON 
VETCH, HAIRY 
MILLET 
BUCHWHEAT 
AYE 

RED TOP 
BENT GRASSES 
TOBACCO 
POTATOES. WHITE 
FESCUE GRASSES 

VEGETABLES 

A5MRA6US 
SPINACH 

lettuce 

CELERY 
RADISH 
ONION 

BEET. GARDEN 
CAULIFLOWER 
BROCCOLI 
CABBAGE 

BRUSSEL SPROUTS 
PEA. GARDEN 
CUCUMBER 
MU SR ME LON 
RHUBARB 
CARROT 
BEANS, LIMA 
BEANS. GARDEN 
CORN. SWEET 
ENDIVE 
PARSNIP 
PUMPRtN 
SOUASH 

PEPPERS. SWEET 
RUTABAGA 
TURNIP 
TOMATO 
EGGPLANT 
POTATOES, SWEET 
WATERMELON 

FRUITS 

CURRANT 
QUINCE 
PEAR 

GOOSEBERRY 
APPLE 
GRAPE 
PEACH 

RASPBSRRY, RED 
fumim, BLACRCAP 
STRAWBERRY 
BLUEBERRY 
CRANBERRY 


MINIMUM pH. 
DESIRABLE pH RANGE. 


•maximum pH LIMIT 
FOR DISEASE CONTROL. 
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termining the degree of change. One ton of limestone per acre may 

raise the pH value from 4 to 5 on a sandy soil, though 6 tons may 

be needed to effect the same change on muck. The following table 

indicates the approximate amounts of lime needed on sand, sandy- 
• loam and loam soils. 


Approximate Amounts of Lime Necessary to Bring the 

Reaction of Soils to pH 7.0 


pH before 
application 

4 

Pounds of Limestone Needed 

Sand 

Sandy loan) 

Loam 

1 

1 

4.5 

1300 

2700 

4000 

5.0 

1000 

2000 

2700 

5.5 

1 

650 

1300 

2000 

6.0 

350 

650 

1000 


In regions where magnesium is a limiting element, a portion of 
the lime should be applied as magnesium carbonate instead of cal¬ 
cium carbonate. Finely divided (able to pass through a 100 mesh 
sieve) lime is usually preferred because of the quicker reaction. 
The oxide CaO (burnt lime) and hydroxide Ca(OH )2 (slaked lime) 
bring about even speedier changes in pH values, but are not com¬ 
monly used due to their higher cost. However, the hydroxide is 
more effective for the control of cabbage club root than the car¬ 
bonate. Fifty-six pounds of CaO or 74 pounds of Ca(OH )2 are each 
equivalent to 100 pounds of CaCOg so far as their neutralizing 
values are concerned, calcium sulphate CaS 04 does not have any 
neutralizing value. 

REVIEW QUESTIONS 

1. Describe plants starving for N, P, and K. 

2. Compare organic and inorganic fertilizers. 

3. Compare fresh rotted and composted manure. 

4. Would you use freshly plowed sod soil for cabbage production? 

5. What is the most effective method of fertilizing soils for maxi¬ 
mum vegetable production? 

6. Name commercial fertilizers (two in each case) that are im¬ 
portant sources of nitrogen, phosphorus, and potassium. 

7. Is sulphur ever used as a fertilizer? 

8. Discuss the value of lime. 

9. How can injury from acid soils, iron, and aluminum be pre¬ 
vented? 
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10. Describe the method o£ preparing a 
the figures represent? 


4-12-4 fertilizer. What do 
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chapter 6 



Green manuring may be defined as the turning under of any 
crop while green or soon after ripening for the purpose of soil 
improvement. Obviously, a cover crop which is seeded for the 
purpose of protecting the soil from the action of weather is also 
a green manure crop if it is plowed under. The primary purpose of 
cover crops is to afford protection and that of green manure crops 
is soil improvement. Cover crops are usually planted in the fall of 
the year in order to prevent soil erosion and leaching of fertilizing 
materials. Green manures add organic matter and so improve the 
physical texture of the soil. Heavy soils are made lighter and more 
porous and sandy soils are enabled to hold more moisture because 
of the added organic matter; 100 pounds of sand can only hold 25 
pounds of water, 100 pounds of clay holds approximately 50 
pounds of water, and 100 pounds of organic matter will hold nearly 
200 pounds of water. Organic matter also serves as a storehouse of 
plant foods for crops and for microorganisms. These microorgan¬ 
isms render the fertilizing materials more readily available. The 
roots of growing crops penetrate all portions of the upper foot of 
soil and are even more useful than manure in evenly distributing 
organic matter and pore space in the quickest possible time. 

Green manure crops are of two types; the legumes, which when 
properly inoculated have the ability to fix nitrogen from the air, 
and the nonlegumes, which do not possess this ability. How¬ 
ever, nitrogen may be taken from the air as a result of the plowing 
under of nonlegumes. The organic matter furnished by these non¬ 
legumes encourages the growth of Azotobacter and Clostridium 
organisms. In some experiments it has been demonstrated that 
these organisms fix 15 pounds of nitrogen for each ton of organic 
matter that is turned under. The amount of nitrogen which is 
fixed by leguminous green manure crops varies greatly, but is usu¬ 
ally assumed to be in the neighborhood of about 50 pounds of ni¬ 
trogen per acre per year whenever a good growth is made. Properly 
inoculated, annual legumes get about two-thirds of their nitrogen 
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Fig. 9. A heavy growth of sweet clover is being plowed under near Fort 


Wayne, Indiana. 


from the air and one-third from the soil. If the entire plant in¬ 
cluding the roots is turned under, the maximum benefit will re¬ 
sult. If, however, the tops are removed, there will be little or no 
nitrogen added to the soil and the net result may be a slight reduc¬ 
tion in the nitrogen content of the soil. 

There are said to be at least eleven strains of rhizobium legu- 
minosarum which fix nitrogen in the nodules of the roots of legu¬ 
minous crops. The vegetable grower is interested in three of these 
strains: one is used in the inoculation of cowpeas, Japan clover 
{Lespedeza), peanuts, and Lima beans; another strain is effective 
for the inoculation of vetch, field, garden, and sweet peas, and the 
third strain is specific for garden and field beans. These strains of 
nitrogen-fixing bacteria can be purchased and should be used in 
accordance with directions accompanying them. 

Rate of decomposition of green manure. If the crops are turned 
under while they are green, they decompose much more rapidly 
than if they are plowed under after they have become ripened and 
filled with cellulose and lignin. Lime generally hastens the decay 
of these crops. The porosity and organic matter content of the 
soil is best maintained by the use of green manures which do not 
quickly decompose. Most vegetables grow better in a soil which is 
kept relatively mellow by the additions of organic matter. Potatoes 
respond especially well to aeration. In a recent test, .Bushnell se¬ 
cured a yield of 290 bushels of potatoes per acre when corn and rye 
were plowed under preceding the potato crop. When soy beans 
were used, there was a decrease to 255 bushels per acre, and when 
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sweet clover was used, the yield was further reduced to 238 bushels 
per acre. He states, “The advantage of corn over the legumes seems 
to lie in the fact that a large bulk is plowed and the corn is slower 
to decompose. By using a 5—10-10 fertilizer at a rate of 1200 
pounds per acre, he was able to avert nitrogen defioiencies which 
developed from the high carbon content of corn and rye. Other 
vegetables sometimes react unfavorably when the air is excluded 
from the soil. For instance, the lenticels on the carrot hypocotyls 
develop abnormal growths when an adequate air supply is unavail¬ 
able. Tomato and cucurbit vines develop aerial roots when the 
underground roots are killed, either by disease or by excess of 
water which suffocates the roots. On the other hand, some crops 
(as for example, water cress) are able to grow in soil which is nearly 
saturated with water. Where crops which require an unusual 
amount of air are grown, it is essential that the organic matter re¬ 
main in an undecomposed condition for a longer length of time. 

The roots of most vegetables are unable to absorb fertilizers 
fronv the soil unless oxygen is available. If vegetables are grown 
in water (hydroponics), it is essential that the nutrient solution 
surrounding the roots contain at least 2 p.p.m. of oxygen and in¬ 
creased amounts up to 15 or 16 p.p.m. favor root growth. The ad¬ 
dition of organic matter in the form of manure and green manures 
is one of the practical means of securing adequate soil aeration. 
The destruction of organic matter is the chief reason for heavy 
soils as indicated in the Preface. 

In the North where the bacterial breakdown is slow, the organic 
matter content of the soil can be built up and maintained at a 
fairly high level (.3 per cent). As the mean annual temperature in¬ 
creases from 45° F. to 55 and 65° F. in southern sections, organic 
matter is decomposed more rapidly and a level of even .1 per cent 
is difficult to maintain. Lignin and lignocellulose decompose 
slowly and crops which supply lignin should be used for improving 
the soil pore space. Grass sods are especially valuable because of 
their high lignin content. 

Fertilizing green manure crops. The green manure crops should, 
in no sense, be substituted for the addition of a fertilizing material 
such as phosphate, potash, lime, or sulphur. As a matter of fact, it 
is frequently necessary to add these materials before the green 
manure crop will make a suitable growth. Obviously, the larger 
the growth, the more nitrogen the plant will gather from the air. 
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On the average, the green manure crops, when plowed under, add 
about 47 pounds of nitrogen, 12 pounds of phosphoric acid, and 
43 pounds of potash per ton. Roots of the crops contain approxi¬ 
mately the same percentage of nitrogen and phosphorus but much 
less than one-half the percentage of potash. It is obvious that a 
crreat deal of nitrogen, phosphoric acid, and potash is lost when the 
^een manuring crops are first used as animal food, although it is 
known that the animals void a high percentage of the fertilizing 
substances which these crops contain. The loss occurs during the 

heating of manure and by leaching. 

The effect of green manure crops on soil acidity. Green manure 
crops are frequently accused of raising the acidity of the soil. 
Though it is true that many crops should not be planted for two 
weeks after the green manure crop has been plowed under, the 
toxic effects are probably due to nitrogen starvation or to an oxy¬ 
gen deficit more often than to any excess of acidity, although there 
probably are some organic acids temporarily produced as a result 
of the active decomposition of the green manure crops. 

Choice of green manure crops. Rye is used more by vegetable 
gardeners than any other one green manure crop. It is a cool- 
season crop and can be planted two or three weeks after the first 
killing frost in the fall and still make a fair growth during the fall 
and winter. Thus, it utilizes the available fertilizing materials and 
prevents their loss through leaching and soil erosion. It can be 
plowed under in the spring after it has made a desired amount of 
growth or, if the land is needed early in the spring, rye can be 
planted a little earlier in the fall and be plowed under later in the 
same season. Rye grass is frequently used and is equal to rye in 
most instances. If rye or rye grass is allowed to grow taller than 12 
inches before it is plowed under, it tvill be necessary to add nitro¬ 
gen in order to prevent nitrogen starvation. Corn, millet, and soy¬ 
beans are frequently used as summer soil-improving crops. In 
northern sections, red clover can be used as a green manure crop 
in the rotation if land is available. Sweet clover is superior to 
clover if a longer cropping system is feasible. In the South, cow- 
peas, and velvet beans are more generally used. Soybeans, velvet 
beans, and cowpeas are especially valuable as green manure crops 
on the Everglades peat of Florida. 

Turning under a green manure crop. The green manure crop 
should be turned under before it ripens, if it precedes a lea^ 
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vegetable in rotation. It should be allowed to become more fibrous 
if it precedes potatoes and similar crops which require a more 
porous soil. In all events, it is better plowed so that the furrow 
slice will be slanting at an angle of 30 to 40 degrees. This assures a 
more uniform distribution of the organic matter and does not in- 

TABLE 12 


Planting Rates Recommended for Green Manuring Crops 



terfere with the transfer of capillary moisture from lower to upper 
soil levels. In order to cover a large growth of green manure crop 
effectively, it may be necessary to attach a chain or No. 9 wire to 
the back of the plow beam and to one end of the whiffle tree. 

The A.A.A. has recently recognized the value of green manure 
crops in preserving the soil resources of the nation and is paying 
farmers for diverting land, normally used for soil depleting crops, 
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into crops which are designated as soil-improving crops. These 

crops usually include green manure crops. 

Seeding. Many green manuring crops’ seeds are small and spe¬ 
cial seeding methods are desirable. When clover or alfalfa is sown 
it is sound practice to plant the seed with a companion crop, to 
prevent the early growth of weeds and to prevent erosion and 
freezing injury to early-sown legumes. Companion crops which 
mature early should be used in order to avoid undue competition 
with the legumes for moisture and fertility. For this reason spring 
barley and early varieties of oats are preferred to late varieties of 
oats. The table on page 76 indicates the planting rates of crops 
commonly used for green manures. 

REVIEW QUESTIONS 

1. Define green manuring and cover crops. 

2. What are the two types of green manures? 

3. How many strains of Rhizobium leguminosarum are known? 

4. How would you regulate the rate of decomposition of green 

manure? 

5. How much organic matter can be maintained in northern and 
southern soils? 

6. Why is it often necessary to fertilize a green manuring crop? 

7. What green manure crops are used extensively in the North and 
in the South? 
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chapter 7 


The Groiving Environment 



All plants respond to variations in environment. Many require 
light, and some produce flowers and seed with long daylight peri¬ 
ods, but the flowering habit of other plants is induced by short 
daylight periods. Cool temperatures encourage flower and seed 
formation of certain varieties, though warmer temperatures pro¬ 
duce similar effects with other species. Vegetative types of growth 
can usually be developed by an abundant supply of available nitro¬ 
gen in the soil in which the crops are growing. However, inade¬ 
quate light, root or top pruning, disease and insect attacks, lack of 
water, or other environmental changes may affect the type of 
growth. Some plants can be hardened to ^vithstand freezing tem¬ 
peratures though others cannot. 

It is essential to understand some of the environmental effects in 
order to proceed and to secure the best results under changed con¬ 
ditions. 

The carbohydrate-nitrogen relationship. Kraus and Kraybill de¬ 
scribed four distinct morphological responses to different quanti¬ 
ties of carbohydrates and available nitrogen in the plant. These 
can be graphically represented as follows: 


Response No. 

1 

2 

3 

4 

Carbohydrates 

10 

20 

30 

40 

Available Nitrogen 

40 

30 

20 

10 


Response 1 may be induced by a very low supply of carbohy¬ 
drates and an abundant supply of available nitrogen. Such plants 
are common in the greenhouses of the North during the winter 
when carbohydrates’ manufacture is limited by the lack of light. 
A deficiency of carbohydrates apparently causes pollen degenera¬ 
tion. 

Response 2 may be produced by a lotv supply of available carbo¬ 
hydrates and an abundant supply of available nitrogen. In this 
instance, however, sufficient carbohydrates are present for a suc- 
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culent vegetative growth. This is the type of growth desired for 

many leafy vegetables. Assuming that other growing conditions are 

favorable this type of growth can usually be obtained by frequent 

applications of soluble nitrogenous fertilizers and irrigations as 
needed. 

Response 3 is induced when the available carbohydrates are 
abundant and the supply of available nitrogen is limited. This 
type of plant makes a fairly vigorous growth and usually is very 
fruitful. Such plants are common in the presence of optimum tem¬ 
peratures, bright sunlight, and a limited but adequate supply of 
available nitrogen and water in the soil. 

Response 4 is induced by a lack of available nitrogen when 
plants are grown with optimum temperatures and with adequate 
light. Such plants are spindly and unfruitful. The lack of nitrogen 
inhibits the formation of female flower parts. Such plants are fre¬ 
quently found late in the growing season on infertile soils. 

A deficiency of nitrogen in the plant can be caused by lack of 
sufficient available nitrogen in the soil, by lack of water to trans¬ 
port the nitrogen from the soil to the plant, and by any agency 
that kills or partially kills the absorbing root system. 

A deficiency of available carbohydrates can be caused by lack of 
sufficient light, by excessive respiration, or by any agency which 
interferes with the synthesis of carbohydrates. 

A fifth response is occasionally observed, that is when there is an 
abundance of both carbohydrates and available nitrates. Such a 
response may result when adequate light and proper temperatures 
are available for carbohydrate synthesis but where the available 
nitrates when absorbed by the plant are not reduced for additional 
synthesis. The absence of reductase, said to be caused by lack of 
phosphorus or perhaps by lack of florigen or other length of day 
response, would cause the absorbed nitrates to accumulate. Such 
plants are fruitful in spite of an abundance of available nitrogen 
within the plant. 

Length of day. In 1920, Garner and Allard discovered that 
■‘Maryland Mammouth” variety of tobacco produced flowers dur 
ing the short days of winter in the greenhouse but failed to flower 
in the field in the latitude of Washington, D. C., where the sum¬ 
mer days are more than 15 hours in length. Subsequent research by 
those investigators and others, led to the knowledge that many 
plants can be classified as long- or short-day plants, depending upon 
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whether they form flowers and seeds during long or during short 
daylight periods. Some plants, however, do not respond to day 
lengths (photoperiods). As little as 0.1 foot-candle intensity is suffi¬ 
cient to produce photoperiodic effects. Plants that produce flowers 
and seed with light periods of from 12 to 14 hours or longer, are 
classified as long-day plants. Those flowering with shorter days are 
known as short-day plants. However, both types of plants will com¬ 
monly flower when the day lengths are between 12 and 14 hours, 
although maximum reproductiveness is not attained. The response 
to day length for vegetables is given in the classification of vege¬ 
tables. The response to day length can be highly localized. It is 
now believed that the responses are due to a substance of hormonal 
nature produced in the leaves, entirely distinct from carbohydrate 
synthesis. The name florigen has been proposed for the postulated 
substance. 

Seedsmen capitalize upon this length of day response by growing 
seed in localities when the day lengths are optimum. 

Varieties differ in their day-length response. For example, the 
Early Grano onion produces bulbs with relatively short days (12 
hours) and makes an excellent crop in Louisiana in the winter but 
only sets in the North during normal growing seasons (15 or 16 
hours daylight). 

It is obvious that some short-day plants will not produce fruit in 
the summer in northern latitudes. Other important cultural pre¬ 
cautions must be observed because of this response. 

Temperature and flower production. H. C. Thompson and his 
students and others found that celery, beets, onions, cabbage, and 
related crops produce flowers and seed when grown for from 20 to 
40 days at a temperature of 40° to 50° F. Young plants respond 
more readily than older plants. By growing cabbage at a tempera¬ 
ture of 70° F. it is possible to produce a continuous vegetative 
growth over a period of several years. The same is true of other 
plants in this group. By later subjecting these plants to a tempera¬ 
ture of 40° to 50° F. flower production can be induced. Thus this 
group of plants can be made to grow as annuals at 40° to 50° F. 
and as perennials at 70° F. These responses have been indicated in 
the classification of vegetables, pages 46-50. 

Since carbohydrates, including reducing and nonreducing sug¬ 
ars, tend to accumulate at relatively low temperatures 40° to 60° F. 
as a result of low respiration and usual photosynthesis, the seeding 




Fig. 10. This lacope cabbage produced seed partly because of hereditary 
characteristics and partly because the seedlings were grown at a temperature 
of 40° to 50° F. for more than 20 davs. 


habit is usually associated with an accumulation of carbohydrates 
and the responses need no additional explanations as do those re¬ 
sulting from various lengths of day. 

Thompson proved wrong the theory that celery seed formation 
was initiated by freezing temperatures. In carefully controlled tests 
he proved that light freezes actually reduced the amount of seed 
stalks subsequently produced. Checking the growth in other ways 
also failed to induce seed stalk formation. 

Seedsmen and plant breeders often produce annual crops of 
cabbage, celery, onions, and beets to hasten breeding programs. 
Unless care is used, however, it is possible to breed an annual 
rather than a biannual seeding habit. Commercial gardeners must 
be careful not to grow seedlings of this group of plants at a tem¬ 
perature of from 40° to 50° F. 

Physiological disorders caused by near freezing or freezing tem¬ 
peratures. As indicated in the classification of vegetables (see chap¬ 
ter 4), all can be classified as warm- or cool-season vegetables. Sub¬ 
ject to the effects of length of day and temperatures already enu¬ 
merated this means that certain vegetables grow best during cool 
(50° to 60° F.) weather though others grow best at warm (60° to 
75° F.) temperatures. Moreover, the cool-season vegetables, if prop- 
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erly hardened will usually stand 10° to 12° of freezing, that is, 
a temperature of from 20° to 22° F. Some will stand even more 
severe freezes. 

Most of the warm-season vegetables on the other hand are in¬ 
jured or killed by freezing temperatures. Even though the vege¬ 
tables are not frozen, injury is frequent at near freezing tempera¬ 
tures. Most vegetables will not freeze until the temperature drops 
to 29° or 30° F., but it is known that corn, velvet beans, soy beans, 
muskmelons, cowpeas, peanuts, watermelons, pumpkins, and cu¬ 
cumbers are injured when exposed for from 12 to 72 hours to a 
temperature of from 40° to 60° F. Tomatoes and potatoes on the 
other hand apparently are uninjured by these cool temperatures. 
This is surprising in view of the fact that it is well-known that 
green tomato fruits cannot be satisfactorily ripened after being 
exposed to temperatures of from 32° to 35° F. The injury from 
cool temperatures appears sometimes as spots, sometimes as fringes 
of light green, by wilting, and by light yellow transverse bands in 
corn. It is likely that the greatest injury is suffered by the roots and 
that the effects on the above ground parts is a result of the death 
of the roots. (See Figures 11 and 12.) It is not known why cool tem¬ 
peratures injure certain warm-season vegetables and not others. 

The fruits of cucumbers, summer squash, muskmelons, water¬ 
melons, gherkins, eggplant, peppers, tomatoes, sweet potatoes, 
okra, and green beans become pitted on the surface when they 
are exposed to a temperature of from 32° to 40° F. for a period of 
from 4 to 8 days or longer. The surface pitting is usually followed 
by skin discoloration and decay. Cucumbers, eggplant, and okra 
are especially susceptible to this type of injury. 

In addition to the injurious effects of cool temperatures (40° 
to 50° F.), somewhat lower temperatures of from 32° to 36° F. are 
known to transform starch into sugar in the edible portions of 
potatoes, sweet potatoes, carrots, and parsnips. This adds to the 
flavor of carrots and parsnips but is likely to cause sweet potatoes 
to rot and sometimes kills the eyes of Irish potatoes. Moreover, the 
increased sugar becomes caramelized when heated, thus causing 
darkened potato chips, French fried potatoes, and other potato 
products which are processed at high temperatures. 

Wright gives the average freezing temperatures for the vege¬ 
tables listed as follows (all temperatures are Fahrenheit): canta¬ 
loupe (ripe portion), 29°; carrots, 29.6°; sweet corn (milk stage), 
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28.9°; head lettuce, 31.2°: onions, 30.1°; peas, 30.0°; Irish pota¬ 
toes, 28.9°; sweet potatoes, 28.5°; green and ripe tomatoes, 30.4°, 
and' watermelons (flesh), 29.2°. Other vegetables freeze at tem¬ 
peratures between 28.5° and 31.2°. 

It is often very important to be able to recognize freezing in¬ 
jury. For example, potato seed which shows considerable blacken¬ 
ing due to freezing may produce such poor stands as to render 
them unfit for seed purposes. Slight freezing injury to potato 
tubers can be identified by a net or ring type of necrosis; more 
severe injury causes a pronounced ring necrosis which blends into 
a blotch type of necrosis. Finally, severe freezing frequently causes 
a cheese-like texture with a chalky appearance without discolored 
rings. This is usually followed by the leaker stage and disintegra¬ 
tion. 

Onions are frequently frozen in storage or before harvest. Scales 
formed when environments conducive for vegetative growth may 
freeze before scales containing relatively more carbohydrates and 
sugars irrespective of the location of the scales. “Onions with only 
the outermost scales injured by freezing may, as a rule, be salvaged 
if allowed to dry out.” ^ 

Effect of temperature upon plant pigments. Some of the vege¬ 
tables owe their color to plant pigments. For instance, the red 
color of beets is attributed to an anthocyanin (betanin) pigment 
which is closely related to carbohydrates. Whenever the tempera¬ 
tures are extremely high, that is, above 80° F., the carbohydrates 
are used up in respiration faster than they are manufactured 
through photosynthesis. Thus, beets grown during extremely hot 
weather are frequently poorly colored. On the other hand the same 
variety grown during the fall of the year with plenty of sunlight 
for photosynthesis while the temperature is lower will usually be 
highly colored. 

The red pigment of tomatoes is due to lycopene, C 40 H 5 Q. This 
pigment is formed rapidly between temperatures of 75° and 86 ° F. 
Above 88 ° F. it forms very slowly, if at all, and at 92° F. the color 

1 Wright, R. C., “Some Effects of Freezing on Onions,*’ U. S. Dept. Agr., Cir. 415, 

1927. 

% 
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Fig. 11. The roots of the cucumber plant on the left were injured by sub¬ 
jecting them to a cool temperature (60° F.). The plant on the right was 
grown at 70° F. 
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Fig. 12. Typical cucumber leaf injury resulting from cool temperatures. 


will gradually fade. However, with the temperature lower than 
88 ° F. and above 75°, the color will reappear even though the fruit 
is picked from the vine. The effect of temperature on the color of 
tomatoes should be understood by both the grower and the proces¬ 
sor of the tomatoes. When tomatoes are subjected to temperatures 
of near 32° F., the ability to synthesize the red pigment seems lost. 
Therefore, green tomato fruits which are to be stored should never 
be subjected to temperatures as low as 32° F. Ripe, fully colored 
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tomatoes may, however be stored at 32° F. because the pigment 
already has been formed and the colder the temperature the longer 
the edible product can be held. 

The color of carrots, which is due to carotene, an isomer of 
lycopene, is also produced best at a temperature of from 60° to 
70° F. At lower temperatures carrot roots are very poorly colored. 

Rainfall. The effect of soil moisture has been described in the 
chapter on irrigation. The need for water is recognized by every¬ 
one in the vegetable gardening industry. However, there are cer¬ 
tain effects of moisture and humidity which are not quite so well 
understood. As has already been indicated, low humidity brought 
about by high temperatures, often results in poor sets of tomatoes 
and beans. 

Effect of humidity upon the development of foliage diseases. In 
regions where low humidities prevail and where dew seldom falls, 
bean seed relatively or completely free from anthracnose can be 
produced. Because of this factor most of the seed for planting 
throughout the United States is grown in the western mountain¬ 
ous region. Likewise, practically all crops which are severely af¬ 
fected with foliage diseases produce superior yields in the moun¬ 
tainous regions, provided other growing conditions are ideal. For 
example, in long frost-free seasons the canning crop of tomatoes 
grown in Utah will average more per acre than in any other state 
in the Union. Celery, in the irrigated sections, if properly irri¬ 
gated, is seldom attacked by foliage diseases. 

Lack of moisture and fruit formation. It is commonly known 
that blossom-end rot of tomatoes is caused by unfavorable soil 
moisture conditions. Generally, by quickly changing moisture con¬ 
ditions, plants which are grown vigorously early in the season 
with ample moisture are very susceptible to blossom-end rot if 
excessively dry periods immediately follow the favorable growing 
period. 

Other conditions which are probably brought about by similar 
but of less pronounced changes of soil and air moisture are often 
produced. For example, blotchy ripening of tomatoes is supposed 
to be caused by an insufficient amount of moisture in the air. 
Insufficient potash, short days, cloudy weather, and low tempera¬ 
tures may also be responsible for blotchy ripening. Growers who 
force vegetables in greenhouses are thus faced with the necessity 
of maintaining a certain percentage of moisture, say from 70 to 90 
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per cent relative humidity, in order to prevent blotchy ripening. 
But if the relative humidity rises above 92 per cent, the foliage 
may be attacked by leaf mold (Cladosporium fulvum). 

Excessive moisture. The deleterious effects of excessive moisture 
upon the oxygen supply in the soil and upon the growth of bene¬ 
ficial organisms are discussed in chapter 10. 

Wind velocity. Outside of the fact that high winds blow muck 
and sand and frequently destroy crops, there is little known of the 
effect of winds or lack of winds upon the growth of crops, except¬ 
ing, of course, that high winds of hurricane velocity actually up¬ 
root and destroy crops and the resulting rainfall often washes out 
crops. 

The chances are that a slight circulation of air common near 
bodies of water tends to prevent the formation of dew and thus 
partially controls foliage disease. However, evidence supporting 
this supposition is lacking. Winds, especially high winds, are, of 
course, known to carry insect pests and disease spores long dis¬ 
tances. Thus, one of the common methods for the dissemination 
of the leafhopper which spreads western yellow blight from sugar 
beets to tomatoes is transportation of the leafhoppers by high 
winds. 


REVIEW QUESTIONS 

1. What is meant by the carbohydrate-nitrate ratio? 

2. How would you modify fertilizer applications to produce either 
type of growth? What influence would soil moisture have upon the 
effectiveness of the fertilizer treatments? 

3. How does reductase affect nitrate utilization? 

4. How could you modify the type of growth by means of pruning? 

5. What is the relation of light intensity to the carbohydrate-nitro¬ 
gen relationship? 

6. Is light necessary for the manufacture of carbohydrates and 
proteins? 

7. What is respiration? 

8. How does respiration affect the carbohydrate relation? 

9. How could you prove that checking the growth of celery plants 
delays or even prevents the development of seedstalks? 

10. Which temperatures favor the growth of celery vegetative parts 
and which favor the formation of seedstalks? 
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11. Do these temperatures have the same effects on onions and 
cabbage? 

12. How can the seedsmen as well as gardeners make use oi these 
temperature effects? 

13. Is it true that plant food manufacture must exceed food utiliza¬ 
tion for the beginning of the development of flower parts? 

14. Does the size of onion sets influence the percentage of seed stalks 
which are produced when mature bulbs are grown from sets? 

15. How does the variety factor influence the percentage of seed 

stalks formed? 

16. Can the temperature effects on celery be explained in terms of a 
carbohydrate-nitrogen relationship? 

17. What are reducing and nonreducing sugars? 

18. Do reducing and nonreducing sugars increase or decrease when 
celery plants are subjected to low temperatures? 

19. Does this also happen with potatoes, parsnips, sweet potatoes, 

etc.? 

20. At what temperature is the respiratory ratio of plants at a 
minimum? At what temperatures do vegetables freeze? 

21. Explain why vegetables that retain the most sugar are best able 
to withstand cold. 

22. Which of the following plants are injured by near-freezing 
temperatures; potatoes, tomatoes, corn, watermelons, pumpkins, beans, 
peanuts? Describe this injury. 

23. How do ages of plants and soil moisture relationships and varie¬ 
ties affect the degree of injury? 

24. List the vegetables whose seeding habit is influenced by length 
of day and classify them as long- or short-day plants. 

25. If spinach is a cool-season crop why can it not be grown success¬ 
fully in Alaska? 

26. Why are the northern states better suited for potato culture than 
the southern (U. S.) states? (Answer from length of day standpoint.) 

27. Why is it difficult to carry on sweet potato breeding work in the 
northern section of the United States? 

28. What is the relation of the length of day to reproductive and 
\ egetative types of growth? 
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chapter 8 


Plant Growing and Plant-Growing 

Structures 


Many vegetables are started under protection. There are a num¬ 
ber of advantages in using this method. 

1. It increases the length of the growing season, thus many crops 
are started under cover before it is possible to grow them outside. 
Where the seasons are especially short this is the only means of 
maturing members of the tender long-season crops, such as toma¬ 
toes, peppers, eggplants, and melons. If the crops bear continu¬ 
ously and are not killed by insects and diseases, it is obvious the 
early started plants might produce larger yields by extending the 
length of the growing season. 

2. By starting the plants under cover earlier than it is possible to 
'start them outside, the vegetables can frequently be matured at an 
earlier date when the price is higher. 

3. By growing the crops under cover for a portion of their grow¬ 
ing season they may require less time to mature in the field. This 
enables the grower to grow more crops on the same land during 
the same season. 


4. By growing the plants under cover in a limited area, it is 

possible to employ especially effective insect and disease control 
measures. 


5. By starting certain of the cool-season crops early, it is possible 
to mature them ahead of hot weather changes unfavorable for the 
growth of this group of crops. 

Care of plants. Irrespective of the type of protection or forcing 
structure provided for growing seedlings, it is essential that ex¬ 
traordinary precautions are taken to avoid contaminations by in¬ 
sect and disease pests. All soil and soil structural parts and con¬ 
tainers should be sterilized as indicated in chapter 13. The 
temperatures should be regulated according to the needs of the 
plants. Vegetables can be classified as warm-season and cool-season 
crops. In general, the warm-season crops should be provided with a 
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night temperature of 60° F. and a day temperature of 70° F. The 
temperature for cool-season crops should be approximately 10° 
cooler, i.e., night temperature 50° and day temperature 60° F. 
Care must be taken to avoid continuous cool temperatures for 
beets, celery, cabbage, Chinese cabbage, Brussels sprouts, and re¬ 
lated crops as these cool temperatures are likely to produce pre¬ 
mature seeding. 

Before the seed is planted it should be treated as recommended 
in chapter 13. After the plants are through the ground, the roots 
should be kept moist and the tops dry. This is most easily accom¬ 
plished by applying heat and providing ample ventilation. The 
heat expands the air within the structure and the expanded air 
absorbs the excess moisture. If the tops are kept dry, the numerous 
foliage diseases will be held under better control than can be 
secured by the application of fungicides. Ventilation should always 
be provided on the leeward side, although when the weather be¬ 
comes warmer, the plants should gradually be subjected to direct 
currents of air, and the cool-season crops should be adequately 
hardened before transplanting in the field. Hardening is accom¬ 
plished by gradually subjecting the plants to cooler temperatures 
and by keeping the soil dry. Properly hardened cool-season vege¬ 
tables will withstand from two to ten degrees or more of a freezing 
temperature (that is, 22-30° F.) without serious injury. Warm- 
season vegetables cannot be hardened to any appreciable degree, 
and any attempt to harden this type of plant will be more harmful 

than beneficial. 

The hardening process increases the soluble sugars and hydro- 
phyllic colloids within the plants. Both compounds absorb free 
water and lower the point at which tissue is frozen. Certain proc¬ 
esses which result from hardening include a thickening of the 
cuticle, increasing the waxy covering on leaves, decreasing the 
starch, and the development of a purplish pigmentation. Harden¬ 
ing always retards the growth rate and this checking process, as 
already indicated, is injurious to warm-season vegetables. 

Injury by freezing has always been considered by some specialists 
to be due to the rupture of cells, and by others to the precipitation 
of the protoplasm which occurs when the concentration of salts 
increase as the water is frozen out of solution. Various equipment 
is used for protecting early grown plants. 
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Greenhouses. Greenhouses provide the best facilities for grow¬ 
ing early plants. The temperature can be more easily controlled 
by better ventilating facilities. The workmen can do a much better 
job and they do not have to stoop down and lean over, and the 
plants can be watered much more easily and readily and without 
fear of exposing them to cold temperatures. Some growers make 
small greenhouses out of sash. The use of this type of greenhouse 
is, however, on the decline as sash can be more economically em¬ 
ployed on hotbeds or cold frames. 

Hotbeds. Hotbeds are artificially heated whereas cold frames 
rely entirely on natural or solar heat. Hotbeds are usually covered 
with glass sash. Glass admits a maximum of light, is heavy enough 
to weight the sash down, and the individual panes are easily re¬ 
placed if they are broken. In spite of this, some means of protec¬ 
tion against breakage by wind should be provided. Manure heaped 
higher than the edge of the bed will act as a windbreak and prevent 
the wind from entering under the sash. Wire may be stretched 
over the entire length of the bed and stretched tight by suitable 
devices whenever the wind becomes too strong, or individual sash 
can be fastened by special hooks. Lengths of wire can be installed 
over the entire length of the bed. Then, during a tense wind storm, 
these wires are pulled taut, keeping the sash secure. Another 
method is to provide hooks for fastening on the sides and ends of 
the frame. 

Various forms of cellulose acetate, especially if mounted on 
wire, are satisfactory substitutes in some situations. Muslin and 
cheese cloth afford little protection and are, as a rule, unsatisfac¬ 
tory. 

There are several different kinds of hotbeds and several methods 
of heating hotbeds. The pit hotbed is one which is placed in an ex¬ 
cavation. The frame, if made of wood, is usually supported on 
posts so that the north side is from 12 to 18 inches above the 
ground and the south side is from 6 to 12 inches above the ground. 
This provides a slope to the south so that the water will drain away 
from the structure. Obviously, with most of the hotbed under¬ 
neath the surface of the soil, much less heat is required. Ten or 
12 inches of fresh horse manure are adequate for heating pit 
hotbeds, whereas from 16 to 18 inches are usually required for 
surface beds. In addition, a greater area of ground must be covered 
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with manure if surface beds are used in order to provide a base for 
the manure which is placed around the frame as an additional 
protection against cold winds. 

The frames for hotbeds may be made from lumber or a more 
permanent material such as concrete or brick or a combination of 
the two. Cypress, redwood, and white pine in the order‘named are 
the most lasting type of woods. Whatever material is used, it is 
essential that the corners be squared accurately. Equal lengths of 
diagonals as measured by strings are useful for squaring wooden 
frames. In addition, it is of paramount importance that the upper 
surface of the frame be perfectly level and on the same plane. 
Otherwise the sash will not make a perfect fit and it will be diffi¬ 
cult to exclude air during excessively cold weather. 

Hotbed sash should be made of cypress, redwood, or cedar. 
The double strength glass should be lapped and glazed so that the 
putty, Permanite, lamp-wick, or other glazing material does not 
extend beyond the groove provided for the support of the glass. 
The sash should be painted at frequent intervals to keep the wood 
from decay. Mortised joints help to prevent the intrusion of 
moisture and decay. The side sash bars should extend slightly be¬ 
yond the ends in order to serve as handles. The usual size is 3 X 6 
feet consisting of 3 rows of 10 X 12- or 10 X 14-inch glass. Addi¬ 
tional covers may be provided during severe weather by straw 
mats, carpets, or by straw or manure spread over the sash. 

Glass substitutes have never been used extensively. The new 
lightweight pliable fiberglass is being used some and has possibili¬ 
ties. It is light and can be rolled up like canvas. It, like other glass 
substitutes, is difficult to repair, and the covering for an entire sash 
is usually replaced when the fiberglass becomes damaged. Fiber¬ 
glass is really glass to which binders have been added. 

Cellulose compounds on wire have been used as glass substitutes 
and are light in weight and easy to handle but are easily blown by 
wind. Special precautions must be taken to anchor them so they 

will not be damaged by wind. 

Cloth, including muslin, tobacco cloth, and muslin water¬ 
proofed and mildewproofed with linseed oil, or other compounds, 
is even less satisfactory as a glass substitute. It is blown about by 
the wind, does not transmit sufficient light, and offers but little 
protection against freezing temperatures. If used, the upper edges 
should be securely anchored to the frame of the bed with strips 



PLANT GROWING 


95 



Fig. 13. Cross section of a permanent hotbed. 


of wood to avoid tearing. The lower edges should also be secured 
with thin strips of wood (about twice as thick as a lath) nailed 
together to make a pole which can be used to roll the canvas up 
and down over the bed. 

Type of heating. Manure heating. Fermenting manure, as al¬ 
ready indicated, may be used as a source of heat for both the 
surface and the pit hotbeds. Fresh, strawy, properly moistened 
(use water if necessary) horse manure at a depth of from 10 to 12 
inches is sufficient for heating pit hotbeds. For surface hotbeds 
the manure must be at least 2 feet wider than the hotbed frame 
and a total depth of from 12 to 14 inches is sufficient for mild heat, 
although a depth of from 16 to 18 inches is necessary for severe 
weather. If the manure is thoroughly compacted, the heat will be 
given off slowly over a long period of time; where loosely com¬ 
pacted, It will heat rapidly and cool off within 3 or 4 weeks. By 
turning the manure several times prior to making the hotbed it 
is possible to insure even heating. 

Where it is desired to place a pit hotbed on frozen soil, the 
ground can be thawed by piling the hot fermenting manure over 
the particular area 3 weeks before the pit is to be excavated. Sur¬ 
face snow and ice must be removed before the manure is placed 
on the site. 

It is necessary to wait at least 4 or 5 days after manure hotbeds 
have been made before seed is planted, in order to allow the vio- 
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lent heating to subside. If the heating does not start at once it may 
be necessary to wait even longer. Soil to a depth of from 4 to 6 
inches is usually placed on the manure a few days before planting 
the seed. 

Steam heating. Steam is an excellent medium for heating hot¬ 
beds. A 1 1/^- or 2-inch pipe line which completely encircles the in¬ 
side of a bed, 6 feet wide, is usually adequate for heating the bed 
even in cold weather. The pipes may be arranged for the return of 
condensation, in which case a high point in the system must be 
provided with a gradual drop from this point to the boiler for the 
pipe which returns the condensation. Many gardeners who operate 
hotbeds for a limited time place the high point at the far end of 
the beds and simply waste the steam. In this case the condensation 
returns via the same pipe through which the steam flows. Steam 
for heating hotbeds is always low pressure steam and should never 
exceed 10 pounds’ pressure. 

Steam can also be applied by forcing it into tile lines which are 
buried from 12 to 15 inches under the surface of the soil in the 
hotbeds. These tile lines should be placed from 12 to 36 inches 
apart depending upon the nature of the soil. On sandy soils it is 
possible to place tile lines farther apart than on heavier or clay 
types of soil. Steam forced into these tile lines for 20- or 30-minute 
periods from one to four times daily provides an excellent source 
of heat, even during harsh weather. If steam is forced into these 
tile lines for from 8 to 10 hours with the sash in place, the soil and 
structural parts will becorne sufficiently heated for satisfactory 
sterilization. All soil should be heated to a temperature of 200° F. 
for 2 hours for effective sterilization. The fact that the steam heat¬ 
ing system can be used for sterilization purposes as well as for heat¬ 
ing the soil makes this system highly desirable. However, it re¬ 
quires very careful attention to details and if the steam is allowed 
to flow for longer than 30 minutes after the crops are planted, 
there is considerable danger of injury to the plants. A 6 per cent 
formaldehyde dust at the rate of pound for each bushel of soil 

is an efficient disinfectant. 

A system using steam in the tile lines for sterilization and for 
the major source of heating, and in combination with thermo¬ 
statically controlled electric heating coils is the ideal arrangement. 
The steam furnishes an economical sort of heat and the electricity 
furnishes a source of heat, which, although more expensive, pro- 
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Fig. 14. Cross section of a temporary hotbed. This may be converted into a 
cold frame by omitting manure below the frame. 


vides accurate temperature regulation. This consideration cannot 
be over-emphasized. 

Hot water heating. Hot water heat is frequently used in place of 
steam. It cannot be used for soil sterilization as it moistens the 
soil excessively and does not raise the temperature to necessary 
heights. The hot water coils must be a little larger than steam coils. 
Twenty-five square inches of radiating surface are required for 
each square foot of pit hotbed heated by hot water and 18 square 
inches of radiating surface if low pressure steam is employed. 
Nearly double these amounts of radiating surface is needed if 
surface beds are to be heated. 

Electrically heated hotbeds. Electricity as a source of heat is 
comparatively expensive, but when used in connection with ther¬ 
mostats it is the most nearly foolproof method of all, as the heat is 
automatically turned on when needed and turned off when not 
needed. Although electricity may also be used for soil sterilization, 
the cost is almost prohibitive. 

In regions where electricity can be secured for less than i/^ 
cent per kilowatt hour, electrically heated hotbeds are more com¬ 
mon. In some regions even cheaper current rates prevail. 

The most satisfactory method of heating hotbeds by electricity 
is to use properly insulated No. 19 electric heat cables. Sixty feet 
of cable connected with 120 volts is usually adequate for a 6 X 6 
foot surface bed or a 6 X 12 foot pit bed. A 120-foot cable on 220 










Fig. 16. Expansion tank on hot water system heated by natural gas. 
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volts is adequate for a hotbed twice this size. The 60-foot length 
requires about 400 watts when the spacing between the loops of 

the cables approximates 7 inches. The cable may be buried in the 
soil or laid on the surface. 

Another type, known as the oven type element, may be used by 
placing it in an air compartment immediately under the hotbed 
soil. This method has not proven as satisfactory as the insulated 
lead-covered hotbed cable. Electric lights have also been used for 
heating hotbeds but not on such a scale as the other methods. 

Flue-heated hotbeds. In some sections of the country beds are 
heated by conducting the smoke and heat from burning wood or 
coal through 6- or 8-inch vitrified tile laid under the beds. The tile 
is usually 15 or 20 inches deep near the fire pit and from 4 to 6 
inches deep at the chimney end of the bed. Considerable experi¬ 
ence is required to get the smoke to go in the right direction. Since 
the draft is produced by the difference in the weight between the 
lighter air in the flue and an equal volume outside it is essential 
to have the elevation from the fire pit to the top of the chimney 
as great as possible. For this reason fire pits are located at the 
lowest elevation and chimneys are as high as practicable (from 
6 to 10 feet). Flue-heated beds dry out quickly and unevenly. 

Location. Hotbeds and cold frames should be protected from 
high winds by suitable windbreaks. Buildings and plantings of 
evergreens and privet hedges are excellent windbreaks. Pit hot¬ 
beds should always be located on well-drained soil. A good supply 
of water must be available. 

Sowing seed. Seed may be sown direct in the hotbed soils by 
hand or by seed drills. If the soil has not been sterilized with 
steam escaping from buried tile, it is advisable to sterilize the soil 
in separate steam boxes. If flats are used it is possible to sterilize 
the soil in the flats and thus kill all pests in the unit in which the 
roots will be growing. This unit sterilization eliminates chances 
for recontamination. If it is impossible to sterilize the soil with 
steam, the soil should be treated with acetic acid or formaldehyde 
(see page 155). Mecuric chloride leaves a toxic residue. Some 
home gardeners who are unable to secure sterilized soil sow seed 
in finely pulverized sphagnum moss which is sufficiently acid (pH 
4.0 to 4.2) to partially control “damping off” diseases. Not more 
than one thousand plants should be grown to ultimate transplant¬ 
ing size under a 3 X 6 foot sash. If the seedlings are to be reset as 
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Fig. 19. Cloth-covered cold frames. Plants are grown in flats in greenhouses and 
are transferred to cold frames for hardening. 


soon as they are large enough to handle, it is possible to start sev¬ 
eral thousand plants under a 3 X 6 foot sash. 

Seeds for the early cool-season crops such as cabbage, cauliflower, 
and lettuce, should be planted from 5 to 6 weeks before it is 
safe to set the plants in the field. For example, cabbage seed should 
be sown about February 20 in the vicinity of Columbus, Ohio, 
when the plants are set in the open April 1. Seeds of warm-season 
crops, tomatoes, eggplants, peppers, melons, and cucumbers, 
should be planted in hotbeds about 5 weeks later so that the seed¬ 
lings can be set in the field soon after the last killing frost in the 
spring. Sweet potatoes should be bedded about 4 weeks before field 
setting dates. 

Cold frames. Cold frames are forcing structures which are not 
provided with any form of artificial heat. The heat used comes 
from the visible rays of the sun, which pass through the covers and 
which are changed to longer heat rays when they strike the ‘soil or 
other dark objects within the bed. These longer heat rays cannot 
escape through glass or cellulose acetate compounds. They are, 
however, lost rapidly by means of convection currents. Conse¬ 
quently, muslin and cheesecloth make very poor covers for cold 
frames. Furthermore, the light rays do not readily pass through 
cloth covers. By closing the sash in the afternoon before sunset, it 
is possible to trap large amounts of heat and thus protect the plants 
against frost. Glass sash and suitable substitutes also provide a con- 
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siderable measure of frost protection, even though the sun’s rays 
are not utilized directly. 

Transplanting. The essential feature of all transplanting opera¬ 
tions is to transfer the plant from one place to another with¬ 
out injuring the roots or tops, and to set the plants in moist soil 
so that the soil is firm around the live, uninjured roots. Obviously 
it is easier to replant small seedlings without injury than it is to 
replant large seedlings. 

Some gardeners employ clay pots in order to transplant seedlings 
without disturbing the roots. Paper pots, veneer bands, paper 
bands, peat pots, and inverted sods are poor substitutes for clay 
pots. They do not confine the roots as well, hence, there is more in¬ 
jury when the plants are removed for the final transplanting and 
the organisms which attack the cellulose in these substitutes com¬ 
pete with the seedlings for nitrogen. This nitrogen deficit can 
be met by additions of soluble nitrogenous fertilizers. One ounce 
of nitrate of soda, sulphate of ammonia, or ammonium nitrate 
per gallon of Avater used for watering once or twice during the 
growing period is adequate. The solution should be washed from 
the leaves with fresh ^vater. 

Soil pulverization. Some gardeners prepare compact piles with 
alternating layers of grass sod and manure with sand added if the 
soil is hea\'y. These piles ivill decompose and be ready for use in a 
year’s time if the top is level enough to catch rainfall which keeps 
the soil moist and promotes the growth of organisms. The soil 
should be finely pulverized, by tools built for this purpose or by 
suitable screening, before it is used for seed or seedlings. (See 
Figures 20, 21, 22, 23, and 24.) Twice as many seedlings can be 
transplanted to finely pulverized, properly moistened soil in a 
given time than can be transplanted to coarse, dry soil. Spotting 
boards can be used in finely prepared soils for the dual purpose 
of making the opening and marking the location of the seedlings. 

(See Figure 25.) 

Watering. Small beds can be watered with a hose. One operator 
usually raises the sash with the left hand and directs the water with 
the right The force of the water should be broken by placing the 
thumb or finger over the end of the hose or by the use of a suitable 
nozzle. Larger beds can be watered with pipe links equipped with 
greenhouse nozzles. Care should be taken to apply more water near 
the heating units where the soil dries out more quickly. The water- 




Kirzel Greenhouses 


Fig. 20. Economy of operations can be obtaineci by pulveii/ing the soil .so 
that seed and seedlings can be planted without interference of clods. Note 
elevator from soil grinder and roller conveyor to transport filled flats. 
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Hirzel Greenhouses 


Fig. 21. Conveyors and ele\’ators are useful in transporting many materials in 
greenhouses. 
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Hirzel Greenhouses 

Fig. 22. (top). This devise seeds an en¬ 
tire flat with one stroke of the operat¬ 
ing lever. With the aid of this machine 
and that shown in Figure 23, one man 
seeds and covers 50 flats per hour. 
Fig. 23. (center). This machine is used 
for covering seed planted by the Plant- 

omat. 

Fig. 24. (left). By means of indenta¬ 
tions in the cylinder it is possible to 
secure plantings of one seed per in¬ 
dentation with each revolution of the 
cylinder. Vacuum planters accomplish 
the same results. 
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ing should be done on sunny 
days so the foliage will dry as 
quickly as possible and thus less¬ 
en the chances for the gro^vth of 
disease organisms on the wet sur¬ 
faces. It is of paramount impor¬ 
tance to keep the upper surfaces 
of the plants dry at all times. 

Plant protectors. Individual 
plant protectors are used exten¬ 
sively in some sections of the 
country. The glass jar or cloche 
commonly used in Europe is sel¬ 
dom used in this country. It is, 
in effect, a miniature cold frame 
and provision for ventilation 
must be made wherever they are 
used. Notched sticks or pegs are 

commonly employed. Hirzel Greenhouses 

In this country waxed papers Fig. 25. Stainless steel spotting 

and other treated papers are board is used in finely pulverized 

more commonly used. They are nioist soil to mark and open holes 

r 1 • •! • for seedlings for a flat. This opera- 

more successful in and regions . , ^ , r j * 

, , . , , , tion takes only a few seconds. 

where they are not quickly beat¬ 
en down by heavy rains. Some means of ventilating on the leeward 
side should be provided after the plants appear under the covers; 
otherwise, the heat from the sun will be confined to such an extent 
that the plants will be cooked. 

REVIEW QUESTIONS 

1. Discuss the merits of hot water, steam, flue, manure, and elec¬ 
trically heated hotbeds. 

2. What is the difference between a cold frame and a hotbed? 

3. How are Permanite, putty, and lamp-wick used in glazing sash? 

4. How are muslin covers waterproofed and mildewproofed? 

5. Describe the various methods of protecting frames during very 
cold weather. 

6. Why is it so important to glow plants in soils free from disease 
and insect pests? 

7. What do you consider the best method of sterilizing seedbed 
soils? 
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8. List three chemicals that are commonly used for sterilizing 

soils. ° 

9. What chemical leaves toxic residues in the soil? 

10. Why is it necessary to add salt to mercuric chloride solutions 
in order to secure an even distribution of the disinfectant? 

11. What precautions must be taken to prevent recontaminations of 
sterilized soils? 

12. Does acetic acid have any value as a disinfectant? 

13. Why are plants transplanted? Explain effects. 

14. Describe methods of ventilating plant-forcing structures. 

15. How would you prevent moisture condensation on plants? 

16. How would you compost and pulverize soil for hotbeds? 

17. How would you sow seed in hotbeds? 

18. How many seedlings (tomato, pepper, cabbage, etc.) can be 
started under a 3 x 6 feet sash? 

19. How are inverted sods used? 

20. How are spotting boards used? 

21. Compare the usefulness of flats, clay pots, peat pots, veneer bands, 
and paper bands for plant production. 

22. Give advantages of blocking tomatoes. 

23. Describe some important kinds of plant protectors. 

24. Are plant protectors successful in all sections of the United 
States? Why? 
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chapter 9 


Equipment 



In spite of the trend toward mechanization of the past hundred 
years, the vegetable grower employs more man-hours per acre in 
crop production than any other food-producing group in agricul¬ 
ture. Many laborsaving devices have been introduced during the 
past two decades but many more must follow before vegetable 
growers can boast of an efficiency comparable to that attained in 
the production of grain crops. For example, it requires approxi¬ 
mately 200 man-hours to produce intensively cultivated carrots, 
onions, tomatoes, and other vegetables. On the other hand, effi¬ 
cient farmers can grow and harvest an acre of corn with a total 
expenditure of 18 man-hours. The elimination of excessive labor 
charges is one of the most important problems in vegetable cul¬ 
ture. Efficient producers will have a distinct advantage over com¬ 
petitors, especially as long as labor is expensive and hard to obtain. 

In selecting power equipment of any kind it is essential to be 
sure that the equipment is justified. Some farmers have too much 
equipment. Each piece of equipment must be capable of effecting 
a savings greater than the cost of interest, depreciation, repairs, and 
shelter plus cost of fuel, oil, and grease needed for the operation of 
the equipment. Each piece of equipment must save man-hours. 
Each implement must be operated as many hours each year as pos¬ 
sible in order to reduce the per-hour charge. For example, sur¬ 
veys have shown that it costs approximately 50 cents per hour 
to operate a two-plow general purpose tractor if it is operated 600 
hours per year, but 90 cents per hour if it is operated only 200 
hours per year. There is a sharp rise in hourly cost if the tractor 
is operated less than 600 hours per year. On the other hand there 
is a slight decrease in hourly cost if the tractor is operated more 
than 600 hours per year. (See Figure 26.) The chart also shows 
the importance of keeping horses busy if horses are used for power. 

In making comparisons between present and contemplated 
equipment it is essential to appraise the amount of work that can 
be done in a limited period of time. For example, with adequate 
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equipment it is possible to fit and plant plots of ground early in 
the season during a favorable period of 1 or 2 days and thus gain 
a great advantage over competitors with less adequate equipment 
that were forced to delay planting for from 10 to 14 days because 
of wet weather. 

The relative efficiencies of horsepower versus mechanical power 
for plowing are shown in Figure 27. Plowing is chosen because it 
is the heaviest consumer of power on the farm and next to the 
heaviest consumer of power in the world. It is important to note 
that the cents-per-hour cost of the horsepower is only 20 cents as 
compared to 50 cents (assuming each is used 600 hours per year) 
for the tractor as compared to $2.50 for a two-horse-walking plow. 
Similar comparisons should be made when equipment of any kind 
is being purchased. 

Barden suggests for criteria in selecting equipment the follow¬ 
ing: 

First, select enterprises that take into consideration a desirable 
power and labor setup on the farm. Second, select size and amount of 
farm machinery suitable to fit the labor supply available. Third, choose 
the size of unit that provides for economical usage. Fourth, plan ar- 
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2 HORSES < HORSES 6 HORSES 2.PLOW 


WoiVing Pio- Cong Plow Gong Plow 

2 A p«r doy 4 A p«r doy 5 A oef doy 


TRACTOR 
6 A per dov 


$2 SO per A 


$2 00 per A 


$1 90 per A 


$149 per A 


Fig. 27. Relative cost of plowing when horses and tractors are used as sources 
of power. 


rangement of fields, buildings, and equipment to provide for the best 
usage of time. 

It is obvious that the types of equipment employed will vary 
with the size of enterprise. 

Home gardens. For small home gardens, 50 X 20 feet or less, 
a spading fork, a hoe, and a rake will suffice for soil preparation. 
The hoe should be kept sharp by filing on the inside so that it 
will penetrate the soil more easily. Hand dusters should be used 
for the application of insecticides and fungicides. 

For larger home gardens a wheel hoe equipped with cutting 
blades can be used to advantage. The low-wheel types are superior 
to high-wheel hoes. A single wheel properly adjusted is superior 
to a two-wheel hoe. These gardens are usually plowed and fitted 
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with farm tools which are used for other purposes on the farm, 
or are rented for the occasion. Gardeners with an adequate supply 
of equipment frequently make use of it by doing custom work for 

others. 

A seed drill is commonly used in larger home gardens. This 
practice is recommended when more than 5000 lineal feet of row 
is to be planted. Seed drills should be purchased which can be 
quickly adjusted so that different sized seed can be planted at the 
desired thickness. Home gardeners usually plant seed thicker than 
commercial gardeners in order to be sure of a good stand. The 
plants may be thinned when small or thinned as used. The former 
method insures more desirable shapes but the latter appeals to the 
economical instincts of most home gardeners. Force drills that reg¬ 
ulate more accurately the planting distances are seldom employed 
by home gardeners. Such drills usually have different sized de¬ 
pressions properly spaced in rotating cylinders to facilitate spacing 
of the seed. A force drill is harder to push because it requires 
power to turn the cylinder which must revolve against close fittings 
so that only one seed leaves the hopper in each depression. Ferti¬ 
lizer attachments on seed drills are likewise seldom used by home 
gardeners because of the increased power required to push the 
drills and the trouble of adjusting the flow of fertilizer. 

Power garden tractors are sometimes used on home gardens of 
large size. From an economical standpoint they have a place in but 
very few home gardens. However, from the standpoint of pride 
and to satisfy a desire to handle machinery their use is undoubtedly 
justifiable. 

Commercial gardens. Practically all gardeners will require a 
plow, disc harrow, spike-tooth harrow, and a Meeker harrow for 
fitting soil for seeding or for setting plants. The Meeker harrow 
pulverizes and levels the soil a little better than is necessary for 
most farm operations. A plank drag can often be substituted or 
used as an additional smoothing tool. Whether a spike tooth, or 
Meeker harrow or plank drag is used for the final fitting of soil it 
is important to run the tools perpendicular to the direction the 
rows are to be planted so that no furrows will be left which may 
be confused with the marks made by the guide marker attached 
to the seed drill or transplanting machine. If a spike-tooth harrow 
is used for the final smoothing the spikes should be adjusted so 
that they are parallel with the soil surface. In this way the harrow 
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Fig. 28. A double disc followed by a roller is used to prepare muck in the 
Scioto Marsh in Ohio. 


serves as a drag. A spring-tooth harrow is useful in refitting soil 
that may become partially packed as a result of rainfall coming be¬ 
fore crops were planted. A cultipacker is useful for crushing clods 
and compacting soil. 

If large acreages are to be planted it will be economical to use 
multiple-rowed planters. Multiple-rowed cultivators can also be 
used for cultivation. Such cultivators reduce the cost of growing 
materially on large acreages. It is necessary, however, to use multi¬ 
ple-row cultivators which will till the same area as planted by the 
multiple-row seed drill as the spacing bettveen the outside rows 
made by the seeder on the return trip cannot be made accurate 
enough for work Avith multiple-rotv cultivators. Cultivators and 
seed drills should be equipped with lifts tvhich raise them out of 
the ground at the ends of the rows in order to facilitate turning. 
The same is true of ploAvs. 

Tractor attachments should be located near the middle rather 
than in front of or to the rear of the tractor, because small de¬ 
viations from the desired course will cause the least swerving of 
tools that are located midway between the front and rear Avheels. 
This is especially important for multiple-row attachments. (See 

Figures 29 and 30.) 

Spraying and dusting equipment are needed by most gardeners. 

















'%m\ 

.« -N’ix '; J 






'V», 




«* ^ «* 

» * 1 

♦ V 4 * ♦ 

^ ..^v' 

/ 

V' ''* 

^ ♦ ♦ ♦ ♦ •♦ 

« V ^V 
> .>« « 

■ ...^ 
...A 

.V ^^^ > ' 

1 .♦.» * 

.• • V%< 


• V* • 

s 

♦Sv’v 


s 







114 


VEGETABLE SCIENCE 


In addition, potato growers will need diggers and graders. Some 
use potato cutters. Some potato growers also use washing and dry¬ 
ing equipment. Onion producers frequently make use of onion 

toppers and all use some sort of graders. Crates for curing the on¬ 
ions must also be available. 

In addition to tools needed in crop production, harvesting, and 
grading, it is necessary to provide for machinery to mow weeds 
along the roads and fence rows. Many gardeners grow hay for 
feeding purposes. Peas are commonly cut by special mowing 
machines. Special attachments are available for cutting the weeds 
along fence rows and other inaccessible places. 

Special equipment should be provided for specialized garden¬ 
ing. Manure spreaders, and manure loaders, and fertilizer spread¬ 
ers are essential if large quantities of manure are to be handled. 
(See Figures 31 and 33.) Mushroom growers have special manure¬ 
turning machinery and special narrow gauge railroads to transport 
the manure into the forcing structures. Celery growers have celery 
hillers which heap dirt high around the celery to start the blanch¬ 
ing process. If paper is used special devices are employed for dis¬ 
tributing and collecting the paper. The use of green celery may 
eventually result in discarding blanching equipment. 

Tractors. The power needed to pull the different pieces of 
equipment varies with the size and make of equipment. Manufac¬ 
turers’ specifications should be followed closely. A safe rule is to 
insist on a demonstration so that you can be sure that the tools 
will perform as represented. Be sure that tractor attachments can 
be made and removed quickly. If more than one piece of machin¬ 
ery is needed it is well to have all such pieces of the same make 
to facilitate replacements in the case of a breakdown. Tractors 
should be equipped with lights for night work and for safe driving 
on the highways after dark. Crawler tractors are valuable on wet 

soils, muck, and for heavy work. 

Many useful attachments for tractors are available. Flat bottom 
ditching plows are useful for making trenches for root storage. 
The same equipment can also be used to cover and uncover the 
trenches. (See Figure 32.) Post hole diggers can be run by power 
from a tractor. (See Figures 34 and 35.) Fertilizer side dressing a^ 
tachments are often useful. In order to keep tractors in action it 
is often advisable to use a supply tank to bring gasoline and oil 
to the tractors in the field. (See Figure 36.) 
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Fig. 32. A Martin fiat-bottom ditch plow is used to throw dirt over field pits. 
It multiplies man-power 30 times. The same machine is used to open out pits. 
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Fig. 33. A homemade power manure 
loader. If manure is available, such 
equipment will prove of great 
value. Elevators are useful for load¬ 
ing produce on trucks. 


Fig. 34. Two-way plows are useful 
on small farms. 



Fig. 35. Post-hole diggers and many 
other pieces of equipment can be 
operated by power furnished by 
tractors. 
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King Farms Co. 


Fig. 36. Much time can be saved by refilling gas tanks while the tractors are 
in the field. 

Trucks and trailers. Trucks are essential for farm operations as 
well as for marketing purposes. Dual wheels on the rear should be 
used if the truck is to be sent into the field. Considerable thought 
should be given to avoid unnecessary trips with the truck. Haul 
full rather than partial loads. Trucks should not be driven beyond 
their rated speed. Fast driving consumes excess gasoline and oil 
and wears out tires and body beyond all reason. Be sure to employ 
mechanics who know how to handle tools. Careless operators can 
be very costly. Trailers are frequently used where more than one 
truck unit is required. 

Packing equipment. Packing shed equipment varies greatly de¬ 
pending upon the products handled. Root crops must be washed. 
The same is often true of leafy vegetables, celery, and potatoes. 
The product must often be graded for size, or it may be packed by 
weight. Continuous washing, drying, grading, and packaging 
equipment may be employed. Package assembly equipment may 
be needed. Special harvesting and packaging equipment will be 
discussed under cultural practices. 

Care of equipment. Equipment should be well greased and 
placed under cover when not in use. Care should be taken to see 
that bearings are well lubricated at all times. Special devices are 





Fig. 37. Washing equipment at the Ruetenik farm, Orwell, Ohio. Similar 
etjuipment saves much labor in cleaning root crops. 


available for quick applications of oil and grease. Rust prevention 
is essential. The equipment should be overhauled frequently in 
order to fasten any loosened bolts before they cause wear and tear 
or become lost. Knives, hoes, axes, and scythes should be kept 
sharp and ready for use. Repair shops are necessities on large 
farms. place should also be provided for the storage of gasoline. 

A permanent place should be provided for every tool. Much 
time is wasted in looking for lost tools. Be sure the tool is re¬ 
placed after use and not allowed to lie in a field and get lost. A 
supply of essential spare parts should be on hand at all times. 

Safety precautions should be employed whenever possible. The 
accident rates on farms are the highest of all major industries. A 
little care exercised each day will go far in preventing costly acci¬ 
dents. 

Machinery should be repaired during the winter or during 
other periods when ^vork is scarce. \ well-lighted, heated building 
should be provided for the repair of machinery during inclement 

weather. 

A. C. Thompson recommends the following equipment for 15-, 

,*10-, and 50-acre vegetable farms: 
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Tillage Implements for Ground Preparation, Planting, and 

Cultivation 


Equipment for 15-acre Farm 
1—2-plow tractor 
1 —2-bottom 14" plow & packer 
1 —2-row cultivator 
1—6 ft. double-disc harrow 
1—7 ft. Meeker harrow 
1—8 ft. lime drill 
\—garden type walking tractor 
with seed drill and cultivator 
for 3 or 4 rows 

Equipment for 

1—3-pIow tractor 
1—3-bottom plow & packer 
1—7 ft. double disc harrow 
1—8 ft. cultipacker 
1—8 ft. Meeker harrow 
1—8 ft. fertilizer drill 


Equipment for 30-acre Farm 
1—2-plow tractor 
1—2-bottom plow &: packer 
1—2-row cultivator 
1—5 ft. double disc harrow 
1—7 ft. Meeker harrow 
1—7 ft. cultipacker 
1—8 ft. fertilizer drill 
1—small riding tractor with 4- or 
6-row planter and cultivator 

50-Acre Farm 

1—2-plow tractor 
1—2-bottom plow 
1—6 ft. disc harrow 
1—2-row cultivator 
1—small riding tractor with 4- or 
6-row planter and cultivator 


REVIEW QUESTIONS 

1. What tools are essential for planting, cultivating, and packing 
vegetables on a thirty-aae vegetable garden? 

2. How many man-hours are required to produce carrots, onions, and 

field corn? 

3. How many hours should a tractor be operated each year in order 
to reduce the hourly charge to a reasonable figure? 

4. Be prepared to give relative hourly cost of plowing by tractors as 

compared to horses. 

5. What special types of laborsaving equipment have been intro¬ 
duced during the past few years? 

6. What tools and equipment are necessary in the home garden? 

7. What are the advantages of a small power tractor? 
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Irrigation and Drainage 



Air and water are both essential for healthy roots. Practically 
all farmers realize the value of irrigation. By judicious application 
of water it is possible to increase the yields two and three hundred 
per cent and even more during excessively dry periods. The qual¬ 
ity is also increased many fold. Moisture is very important for the 
production of succulent vegetables especially those which are ten¬ 
der and leafy. 

All farmers likewise realise the importance of proper drainage. 
Crops die in poorly drained areas during wet seasons. On the other 
hand, these areas may produce the highest yield of crops during 
dry seasons if irrigation is not available. Farmers and gardeners in 
general, however, do not realize the importance of air and oxygen 
for the normal functioning of roots. It is common knowledge that 
nitrogen deficiencies of plants may be produced due to the utiliza¬ 
tion of the available nitrogen by bacteria and other microorgan¬ 
isms when decomposing large amounts of organic matter. It is not, 
however, quite as well known that the microorganisms which de¬ 
compose organic matter also compete with the plant for available 
oxygen and that this dearth of oxygen is aggravated by any condi¬ 
tion which interferes with the free movement of air and oxygen 
from the air through the soil. As a result of this oxygen deficit it 
frequently happens that the roots are killed-during wet seasons on 
soils that are usually considered well drained. If the roots are not 
killed, they become diseased because they are not able to absorb 
potassium and other minerals from the soil. When organisms re¬ 
move available oxygen they also reduce ferric compounds. It is 
immaterial whether we consider the injury due to the oxygen 
deficit. It is important, however, that the reduced and oxidized 
compounds can be detected by simple chemical means and this 
provides the grower and chemist with an excellent measure of the 
oxygen supply in the soil. Because of the importance of these tests 

they are included herewith as described by Hoffer. 
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Obtain a supply of 3-inch filter papers and prepare three tests solu¬ 
tions, A, B, and C, as follows: 

Solution A—Hydrochloric acid (HCl). Dilute concentrated cp acid, 

1 part acid to 4 parts distilled water by volume. 

Solution B—Potassium thiocyanate (KCNS). Dissolve 10 grams potas¬ 
sium thiocyanate in 100 ml distilled water. 

Solution C—Potassium ferricyanide. (K 3 Fe(CN)Q). Dissolve 0.5 gram 

in 100 ml distilled water. 

Place all three solutions in separate bottles with droppers. They must 
be ready for quick service. 

Tests for Ferric and Ferrous Iron: The soil tests for ferric and fer¬ 
rous iron must be made within 20 to 30 seconds on samples from 
freshly exposed soil surfaces. With a spade dig a hole 12 to 18 inches 
deep in the area to be tested. Use a soil auger if available. Take 
tests. Test the samples one at a time from a fresh surface at each level 
by the following procedure: 

1. Crease a 3- or 4-inch filter paper once. 

2. Place two soil samples approximately the size of navy beans, on 
the filter paper. Compress the samples and then add 2 drops HCl test 
solution (A) to each soil mass and fold paper back onto the treated soil. 

3. Turn over the folded paper and test one portion of the wet under¬ 
side of the paper with one drop of solution B (ferric-iron test), and one 
portion with one drop solution C (ferrous-iron test). Results must be 
recorded at once. 

A reddish to deep red color with solution B indicates ferric iron. 
This means an adequate oxygen supply in soil. 

A bluish to deep blue color with solution C indicates ferrous iron. 
This indicates an oxygen deficiency. If both ferric and ferrous iron 
tests are obtained, the oxygen deficiency is relatively less important. 

On the other hand, soils may be so well drained that manganese 
and iron are all converted into the unavailable oxidized manganic 
and ferric compounds. On such soils, crops may starve for man¬ 
ganese and iron. 

As described in the paragraph under fertilizers the plowsole 
method of application has given almost universally good results. 
However, in a few instances the results have been discouraging. 
Most of these failures can be attributed to insufficient oxygen in 
the soil. As explained under fertilizers, the presence of manganese 
and copper may assume a greater importance as they may help 
make oxygen more available to the plant roots. 

, Drainage. Drainage may be secured by open ditches and tile 
drains, and in some instances by narrow lands thrown up so that 
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dead furrows at frequent intervals will carry away surface water. 

In rare instances where the soil is underlaid with sand or gravel, 
vertical drains may also be used. 

Open ditches are commonly used for drainage on muck soils. 
If the muck is underlaid with hardpan the flow of the water in the 
ditches can be stopped with canvas or other types of dams, thus 
making the ditches available for both drainage and sub-irrigation. 
If the hardpan is near the surface, lateral ditches spaced from five 
hundred to one thousand feet apart can be made an excellent 
source of sub-irrigation water. 

Clay tile is most commonly used for drainage. On intensively 
cultivated crops such as vegetables they are usually placed from 2 
to 3 rods apart. This provides adequate drainage even for heavy 
types of soil. The size of the tile depends upon the length and upon 
the fall. A 5-inch tile lateral may be 150 rods long if there is a fall 
of 2 inches or more in 100 feet. If the fall is less than this a larger 
tile should be used. The tile lines should be laid m a straight line 
if possible. If it is necessary to drain a springy slope, laterals should 
be run along the edge, preferably near the source of the water 
which causes the springy areas. If large tile lines which are laid 
with a slope of 1 inch for each 100 feet are connected with man¬ 
holes the water level can be raised by plugging up the manholes 
to provide subirrigation if the land is underlaid with an impervi¬ 
ous subsoil. The use of tile for a combination of drainage and ir¬ 
rigation should be carefully investigated before installing a drain¬ 
age system. The ditch for the tile is usually made with a traction 
tiling machine. A level should be used to be sure there is a uniform 
slope in the right direction. It is obviously more profitable to dram 
a wet spot in a cultivated soil than a similar spot with less desirable 
surroundings. Likewise drainage should be given fertile land 
rather than submarginal land. 

Irrigation. There are three types of irrigation in common use; 
(1) overhead irrigation, (2) surface or corrugated irrigation, and 
(3) subirrigation. As indicated in the introductory paragraph all 
irrigated land should be well drained and all irrigation should be 
given with the idea that the land will be permitted to become thor¬ 
oughly aerated before an additional application of water is made. 
The reasons for this were given in the introductory paragraph. An 
exaggerated illustration of the necessity of aeration can be secured 
by visiting any laboratory where vegetables are produced by hydro- 
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ponies or water culture. In the normal operation of hydroponics, 
air is bubbled through the solution almost constantly. If gravel, 
Haydite, cinders, or other inert substrate is used the nutrient solu¬ 
tion is pumped into and allowed to drain out of the tank one or 
more times daily, thus assuring a change of air every time the solu¬ 
tion is pumped up around the roots of the plants. 

The overhead pipe type of irrigation. This type of irrigation 
makes use of nozzles spaced 3 feet apart on permanent laterals 
which are spaced approximately 50 feet apart. These laterals may 
be supported by hangers which are placed every 12 or 16 feet apart 
on iron or wooden posts, or, if low-growing vegetables are being 
grown, the laterals may be placed on the ground. In any event, the 
water is directed upward and allowed to fall onto the ground in 
the form of small drops of water which closely approximate condi¬ 
tions produced by normal rainfall. A very uniform application of 
water can be secured by this system especially if oscillators are 
used. Overhead irrigation can also be secured by the rotary types 
of nozzles that are commonly used on golf courses by utilizing 
lightweight portable galvanized pipe with quick-acting couplings 
for mains and laterals. (See Figures 38, 39, and 40.) This system 
can be installed for approximately $75 per acre as compared to a 
cost of from $200 to $300 per acre for the overhead (Skinner) irri¬ 
gation. This, of course, assumes that a supply of water is available 
within the area to be irrigated. Overhead irrigation is utilized in 
the humid and semihumid regions and to some extent in the arid 
regions. It is usually assumed that the returns must be increased to 
$50 or more per acre in order to make profitable the installation 
and use of the overhead type of irrigation. 

Oscillators are usually operated by water motors which simply 
use a portion of the water which is used for irrigation. For green¬ 
house irrigation special nozzles which break the stream of water 
into a fan-shaped mist are used as the water must be directed down¬ 
ward and the stream of water must be dispersed before it hits the 


soil or plants. Overhead pipe lines equipped with special nozzles, 

which apply larger amounts of water, are moved from one place 

to another and cost as little as one-tenth of the permanent installa¬ 
tions. 


Surface irrigation. This system is practiced more extensively 
than all other types of irrigation. The furrow or corrugated type is 
used in the arid western states. Here water which comes from 
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Fig. 38. Irrigating with lightweight portable pipe equipped with rotary 
nozzles. 


open ditches is diverted to the smaller lateral ditches or corruga¬ 
tions by means of canvas or similar type of dams placed in sublat¬ 
erals. These laterals should seldom exceed 800 feet in length be¬ 
cause too much tvater tvill be absorbed where the water enters the 
furrow and too little at the far end. 

From two to three times as much water is required to irrigate a 
crop tvith the furrow or surface type of irrigation as with the over¬ 
head type. This is due largely to the fact that the lateral flow of 
water is much slotver than the downtvard flow of tvater. Another 
type of surface irrigation is flooding. This can be used only where 
the soil is well anchored as in grasslands and is of no value to the 
commercial vegetable grower. 

Another type of surface irrigation which has been employed in 
a limited area in the past is the so-called ooze-hose or porous-hose 
method. This employs canvas hose setved together tvith a special 
machine so that the seams will not rip easily. This canvas usually 
comes so that the tubes are from 2 to 4 inches in diameter. The 
weight of canvas varies primarily with the length of line. Lines 
longer than 600 feet are seldom used. A 600-foot line may be made 
up of 300 feet of 12 ounce duck, 200 feet of 10 ounce, and 100 feet 
of 8 ounce. A little practice will show where the heaviest weight 
canvas should be used. However, if it is necessary to elevate the 
water o\ er slight raises heavy weights should be used at this point. 
If there is a gradual slope to the very end, heavy canvas should be 
placed at the far end of the line. Since the water oozes out of the 
hose, for every 100 feet of hose line, a pump capacity of approxi- 
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Fig. 40. Plant-setting machines followed by portable irrigation. 


mately 10 gallons per minute is needed. Porous hose, if properly 
taken care of, will last several years. However, it has to be taken 
up and relaid about every 3 to 6 feet in order to get an even distri¬ 
bution of water, and the moving of this porous hose full of water 
on wet soil is a very disagreeable operation. Such problems and 
the short life of the canvas have caused most gardeners to abandon 
this type of irrigation. Some orchardists use porous hose with 
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metal eyelets. Market gardeners have seldom made much use of 
this modification. 

Subirrigation. On some level, well-drained soils which are 
underlaid with impervious subsoil at a depth of three to five feet, 
subirrigation is practiced quite generally. Water is distributed 
through drain tile spaced approximately 24 feet apart and at least 
24 inches deep. They should have a fall of 1 inch to every 100 feet. 
Larger vitrified tile lines equipped with valves are used as mains. 
On the average it probably takes about four times as much water 
for subirrigation as for an equally effective irrigation provided 
through overhead nozzles. It requires a great deal of power to 
pump water so that a pressure of from fifty to eighty pounds is 
available for uniform distribution of water through overhead sys¬ 
tems. In actual tests it has been found that it is sometimes possible, 
for the same cost, to pump four times as much water for subirriga¬ 
tion as for overhead irrigation. This is due to the added power 
necessary to elevate water, force it through pipe, nozzles, etc., in 
the overhead lines. Where water can be secured by gravity and 
backed up by appropriate dams subirrigation is used quite gener¬ 
ally. Some of the muck soils in Michigan and Ohio and some of the 
sandy soils in Florida are moistened by means of subirrigation. 
Subirrigation has a distinct advantage in that it keeps the surface 
of the soil dry and it brings soluble fertilizing materials to the sur¬ 
face. However, this can also be a disadvantage if the salts which are 
moved to the surface are not frequently dispersed by rainfall. 
Heart rot of celery in the Sanford, Florida, area is attributed to the 
high concentrations of soluble salts brought near the surface by 
subirrigation. Subirrigation also has an advantage in that the crop 
roots can be moistened without wetting the foliage. This is a dis¬ 
tinct advantage where the crops are likely to be damaged by foliage 
diseases which are spread rapidly by the drops of water applied by 
overhead irrigation systems. If overhead irrigation systems are used 
for watering beans, which are very susceptible to anthracnose, the 
water should not be applied any oftener than necessary, possibly 
not to exceed three times even during the driest seasons. In ap¬ 
plying water by the subirrigation system it is especially important 
to bring the water table close to the surface and allow it to drain 
out immediately. If the water table is held close to the surface the 
roots will penetrate only to the surface of the water and then 
spread out. If the water table is too high it causes enlarged lenti- 
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cels on potatoes, carrots, and parsnips and kills roots which might 
otherwise penetrate to a depth of from 10 to 12 feet if a variable 
water table were employed. Subirrigation systems are general y 

used for drainage during wet seasons. 

The relative value of the three methods of irrigation have been 

discussed briefly. All of them can be made to serve for the four 
advantages generally accredited irrigation, namely, increased 
water for growing crops, fire prevention of muck soils, frost pro¬ 
tection, and preventing wind erosion on muck and peat soils. Ob¬ 
viously, subirrigation systems would not be as effective for prevent¬ 
ing wind erosion as the overhead system. Some operators who are 
equipped with overhead irrigation on muck can usually trap muck 
which is being blown about during wind storms by turning on 
the irrigation system during such storms. Subirrigation likewise is 
not nearly as effective for the prevention of frosts as it is very diffi¬ 
cult to get the surface of the soil wet by subirrigation. Moreover, 
the prevention of frost by the use of water depends to a consider¬ 
able extent upon the heat which is liberated by the water as it 
freezes. Obviously, there would be more frozen water if applied 
from an overhead system than if it is applied from either a surface 
or a subirrigation system. 

As already indicated, the overhead systems splash water from 
plant to plant and in doing so spread some of the foliage diseases. 
Some of the types so spread include bean anthracnose and blight, 
tomato early and late blight, celery Cercospora and Septoria, car¬ 
rot Macrosporium, etc. On the other hand the cooling effect of 
frequent applications from overhead irrigation systems are said to 
be beneficial for cauliflower and perhaps other vegetables. 

Source of water. Irrespective of the type of irrigation which is 
employed it is necessary to have an abundant supply of water and 
an adequate system to get the water from the source to the field. 
Open ditches, lakes, ponds, and deep wells constitute the impor¬ 
tant sources of water. Streams which dry up in the summer 
should not as a rule be used. In Ohio, the wells located over an 
underground water system furnish an excellent supply of water. 
Occasionally dams can be constructed in streams which impound 
sufficient water for limited irrigation. However, before building 
a dam it is important to make sure that the water can be im¬ 
pounded and will not escape by subsurface seepage after the dam 
is built. When water is pumped from ponds, streams, and lakes, 





TABLE 13 


Quantity of 

WATER PER MIN. 

(gal.) 


Friction Head for Threaded-Joint S teel Pipe _ 

Number of feet (loss of head in feet due to friction per 100 feet) to be 

ADDED WITH PIPE OF THE INDICATED SIZE 


inch 


1 

inch 


inch 


inch 


2 

inch 


234 

inch 


3 

inch 


334 

inch 


4 

inch 


5 

inch 


6 7 8 

inch inch inch 


5 

6 
8 

10 

12 

14 

16 

18 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

90 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

350 

400 

450 

500 

550 

600 

650 

700 

750 

800 

850 

900 

950 

1000 


10.5 3.25 0.84 
14.7 4.55 1.20 
25.0 7.80 2.05 0.95 
38.0 11.70 3.25 1.43 
16.40 4.30 2.01 
22.00 5.70 2.68 
' 7.30 3.41 
9.10 4.24 
11.10 5.20 
16.60 7.80 
23.50 11.00 
14.07 
18.80 
23.20 


0.50 

.70 

.94 

1.20 

1.49 

1.82 

2.73 

3.84 

5.10 

6.60 

8.20 

9.90 

13.90 

18.40 

23.70 


0.32 

.41 

.50 

.61 

.92 

1.29 

1.72 

2.20 

2.76 

3.32 

4.65 

6.20 

7.90 

9.80 

12.00 

16.80 

22.30 


0.25 

.38 

.54 

.71 

.91 

1.15 

1.38 

1.92 

2.57 

3.28 

4.08 

4.96 

7.00 

9.20 

11.80 

14.80 

17.80 
21.30 


0.32 

.41 

.51 

.62 

.89 

1.11 

1.46 

1.80 

2.22 

3.10 

4.20 

5.25 

6.30 

7.70 

9.60 

11.60 

13.30 

15.20 

17.80 

22.60 


0.34 

.47 

.63 

.81 

1.00 

1.22 

1.71 

2.28 

2.91 

3.61 

4.40 

5.20 

6.20 

7.20 

8.20 

9.30 

12.40 

16.00 

19.80 

24.00 


0.21 

.27 

.34 

.41 

.58 

.76 

.98 

1.22 

1.48 

1.77 
2.08 
2.41 

2.77 
3.14 
4.19 
5.40 
6.70 
8.10 
9.60 

11.30 

13.20 
15.10 

17.20 
19.40 
21.70 


0.23 

.30 

.36 

.47 

.56 0.28 
.69 .33 


.83 .39 0.22 
.95 .47 .25 

1.10 .53 .28 
1.26 .62 .33 
1.68 .82 .45 

2.10 1.03 .56 
2.52 1.24 .71 
3.15 1.50 .84 
3.70 1.81 1.01 
4.35 2.18 1.20 
4.90 2.50 1.40 
5.80 2.90 1.60 
6.60 3.30 1.78 
7.50 3.65 2.00 
8.40 4.20 2.26 
9.20 4.50 2.50 

10.10 5.10 2.80 
5.60 3.10 
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less power is needed as the suction lift is much less than is usually 
the case for wells and especially deep wells. The total amount of 
power needed to pump water is determined by the capacity, suc¬ 
tion lift, static head, and pressure required at the nozzle. With the 
water at 62° F. each foot of head (that is elevation above the dis- 
charge head) requires a pressure of .433 pounds per square inch. 
The friction in the mains also adds to the power which is required. 
This is included under item two or discharge head previously 
mentioned. The table on page 129 gives the number of feet to be 
added to vertical lift for each 100 feet of pipe in order to overcome 
friction. 

The following table lists the various sizes of pipe which are com¬ 
monly recommended for transporting different quantities of water. 

TABLE 14 


Sizes of Pipe Recommended for Transporting Given 

Quantities of Water in Steel Pipe. 


Size 
of pipe 

(in.) 

Quantity 
of water 
transported 
per minute 

Size 

Quantity 
of water 
transported 
per minute 

Size 

Quantity 
of water 
transported 
per minute 


gallons 

3-4 


gallons 

39-65 

5 

gallons 

230-420 

1 

4-7 

3 

66-110 

6 

420-720 

114 

8-14 

334 

110-170 

7 

720-1000 


14-22 

4 

170-230 

8 

720-1000 

2 

23-38 






The horsepower required to pump a given amount of water as¬ 
suming 50 per cent theoretical efficiency can be determined from 
the following equation: 


Capacity in gallons per minute x Total head in feet x 8.53 lbs. 
' ' 33000 ft. lbs. X Efficiency 


H.P. 


Water at 62° F. weighs 8.33 lbs. per gallon. One horsepower is the 
equivalent of 33000 ft. lbs. of energy per minute. Example: 

800 X 210 X 8.33 „p 

33000 X .5 


Power used for pumping. Gasoline (tractor or heavy duty indus¬ 
trial engines) and diesel engines are used more generally as sources 
of power. The gasoline consumption is more dependent upon the 












Fig. 43. Automobile engines are used to pump water for irrigation on the 
Burnham farm near Boston, Mass. 

type and size of engine than to the load the engine is pulling. For 
this reason it is extremely important that the engine type and size 
correspond to the load required to pump and discharge the water. 
The diesel engine on the other hand is little different in that the 
fuel consumption varies with the load being handled. However, in 
spite of this it is necessary to make sure that engine type and size 
correspond with the power needed. The gasoline consumption 
average is in the neighborhood of .1 gallon per rated H.P. per 
hour. (See Figure 43.) 

Electric motors are much more convenient than gasoline and 
diesel engines. By using proper equipment they can be made semi¬ 
automatic. It is, of course, more essential to protect motors against 
elements than it is to protect gasoline and diesel engines against 
the weather. The energy consumption of an electric motor is in 
the neighborhood of one kilowatt hour per rated H.P. hour. 

Types of pumps. Where the suction lift is 20 feet or less horizon¬ 
tal centrifugal pumps are commonly utilized. For deep well pump¬ 
ing where the suction lift is greater than 20 feet, multiple stage 
centrifugal pumps known as deep well turbines are commonly 
used. Air lift pumps are used only to a limited extent, but jet 
pumps offer better possibilities for use with irrigation systems. Dis- 
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placement or reciprocating pumps are sometimes used if less than 
80 gallons of water per minute is needed. 

The suction line should be as short as possible in all instances 
as a leak in this line causes the pump to lose prime. Leaks above 
the pump merely waste water or apply it at the wrong places. 

Overhead lines can be equipped with turning unions and with 
oscillators which rotate the line back and forth in order to get a 
uniform distribution of water. 

The sprinkler heads adapted to portable irrigation apply the 
water in a circular area and do not give as uniform distribution of 
water as that which is applied from laterals spaced approximately 
50 feet apart. However, with the newer types of sprinkler heads 


TABLE 15 

Lengths of Different Sizes of Pipe for Sprinkling Laterals of 

Designated Lengths: 3-Foot Nozzle Spacing 


Length of line 
(feet) 

2-inch 

pipe 

1 H-inch 

pipe 

13 ^-inch 
pipe 

1-inch 

pipe 

54-inch 

pipe 

100. 

1 

1 



20 

80 

150. 



1 

80 

70 

200. 



1 

120 

80 

250. 



80 

100 

70 

300. 



140 

100 

60 

400. i 

1 

120 

120 

100 

60 

500. 

100 

1 

120 

120 

100 

60 

600..‘ 

1 

' 200 

1 1 

120 

120 

100 

60 


the distribution of ^vater is much more uniform than was formerly 
the case. These portable lines with lightweight galvanized pipe 
with quick-acting couplings are usually moved so that the lines 
are from 40 to 60 feet apart. The sprinkler heads are spaced ap¬ 
proximately 40 feet apart in the portable laterals. One of the dis¬ 
advantages of this type is that even with the smaller nozzles water 
is applied so rapidly that it runs off and puddles heavier types of 
soils. An inch of water is usually applied in about 2 hours with 
this type of installation, though it requires from 7 to 9 hours with 
the so-called Skinner type of irrigation (nozzles spaced 3 feet 
apart). 

Pipes used as laterals are nearly always galvanized though some 
black pipe is used. Black pipe rusts more quickly than the galva¬ 
nized pipe. Galvanized pipe is also usually employed for mains 
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though cast-iron pipe or cement-asbestos pipe is longer lived and 
is sometimes used if the lines are laid below frost level. Cement- 
asbestos pipe is low in friction and rustless but it should be buried 
below frost level. The joints of cast-iron pipe are calked rather 
than screwed together as is the case with galvanized or black pipe. 
Irrigation mains are usually laid slightly below plow depth so that 
they have a gradual slope toward one or more points where t e 
water can be drained out of the system when freezing weather ar¬ 
rives. Even though the mains are under the frost level it is neces¬ 
sary to drain the lines because the water in the risers would freeze. 
When the lines are drained it is essential to open the valves, other¬ 
wise the water will be held in the laterals. Valves should be left 
open during the winter and those larger than inches should 
be removed and stored inside, otherwise moisture which con¬ 
denses therein may freeze and destroy the valve seat. Lightweight 
galvanized and aluminum mains and laterals are extensively used 
with rotary sprinklers. 

If portable lightweight systems are to be used it will be con¬ 
venient to use a flat truck with a body of from 16 to 18 feet long 
to transport the 20-foot lengths of pipe. In actual operation it is 
best to lay two lines across the middle of the field and alternately 
shift each line toward the edge so that the lines will be on the 
outsides of the field, ready for reloading on solid ground when 
watering is finished. Two large valves should be inserted into the 
main header so that the water is turned into a newly set lateral 
before the flow from the other is stopped. This permits a contin¬ 
uous flow of water. 

Applying liquid fertilizers. In an article for the annual report 
of the Vegetable Growers’ Association, A. C. Thompson wrote 
about portable irrigation for fertilization as follows: 

The portable system can be readily used for applying fertilizer, and 
the effect on the crop is usually immediately seen since it goes on in a 
soluble form that is taken up at once by the plant. This is done by 
cutting in a valve on the discharge side of the pump with a short piece 
of hose which runs water into a barrel containing the fertilizer. After 
the fertilizer is dissolved by stirring with a paddle, it is sucked up by 
another piece of hose connected to a valve on the suction side of the 
pump. In applying fertilizer this way it should be drawn out of the 
barrel slowly in order to get an even distribution over the field. A 
table of application can be figured out for the use of workmen. For 
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instance if we wish to apply 200 lbs. of fertilizer per acre, we just tell 

the irrigator to use 100 lbs. for every nine sprinklers in the line when 

they are set 40 x 60 feet. To get 300 lbs. per acre he would apply 
100 lbs. for every six sprinklers. ^ 

Because fertilizer solutions have abrasive action, a smaller recipro¬ 
cating pump of the size used for domestic water supply may be used 
as an auxiliary pump driven by a V-belt and operated only when it 
IS desired to apply a fertilizer solution into the discharge side of the 
centrifugal pump. This small auxiliary pump will avoid abrasive and 
chemical action of the fertilizer on the main pump. Ordinarily, where 
an occasional application of fertilizer is put through the pump it 
would probably not cause serious damage. However, if frequent ap¬ 
plications of fertilizer are to be applied through the irrigation water it 
would probably be better to avoid putting it through the main pump. 

For deep well pumps the fertilizer must be forced into the dis¬ 
charge line. The valve and hose on the discharge side of the pump 
are also useful for filling spray tanks and plant setters out in the 
field. However, if the hose is to be used for this purpose it should 
be of rather large size in order to fill the tanks quickly. 

REVIEW QUESTIONS 

1. What size motor and pump would you use in order to pump 800 
gallons of water per minute with a pressure of 90 pounds at the pump? 

2. Assuming a total of 3000 feet of 8-inch header how much of 6-, 
5-, and 4-inch sprinkler lines should be used to distribute the water if 
rotary nozzles are employed? 

3. How many rotary nozzles will be needed if each has a capacity 
of 20 gallons per minute at 35 pounds pressure? 

4. Estimate the cost per acre of an overhead irrigation system. Spec¬ 
ify parts. 

5. What advantages are claimed for the portable system? 

6. How would you know when you had made a 1-inch water ap¬ 
plication with an overhead system? 

7. How much must the annual returns be increased in order to 
profitably make use of an overhead irrigation system? 

8. Is tile drainage necessary on fields that are irrigated by the over¬ 
head system? 

9. Why should the suction line of an irrigation system be short? 

10. What kind of pipe is used for overhead and underground supply 
lines of an irrigation system? 

11. What kind of pumps are used; a. where large amounts of water 
are needed, and b. where the water level is 40 ft. deep or deeper? 
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12. What size main would you use if it became necessary to convey 
water 2700 feet to a garden tract where 120 gallons were needed per 

minute at a pressure of 50 pounds per square inch? 

13. In what regions of the country is subirrigation practiced? 
h! Describe the method of installing a subirrigation system. 

15. Can the tile used for subirrigation be used for drainage? 

16. Where is the corrugation system of irrigation used? 

17. What is likely to happen if irrigation water contains a great 

amount of soluble salts? 

18. What type of irrigation do you think best suited to your needs? 

19. What effect has irrigation upon the quality and quantity of 

vegetables produced? 
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chapter II 


Storage of Vegetables 



Vegetables can be preserved by canning, dehydration, freezing, 
and storage. In the first three methods it is essential that plant 
activity including enzymatic activity be stopped. In short, the 
tissue is killed. This is usually accomplished by subjecting the 
vegetables to steam or boiling water. The killed tissue may then 
be processed and hermetically sealed in cans, jars, or other suitable 
containers. It may be canned; it may be dried to a moisture con¬ 
tent of from 2 to 7 per cent and sealed in moistureproof con¬ 
tainers: or it may be pacakaged and frozen and stored at tempera¬ 
tures of 0° F. or lower. 

Vegetables held in cold and common storage are, on the other 
liand, still alive. By maintaining proper storage temperatures it 
is possible to hold live plants over winter for growth the following 
season. Thus, biennial vegetables can be held over for the produc¬ 
tion of a seed crop, and enterprising gardeners can produce an 
early crop of greens from stored roots of beets or turnips. 

Live plants require oxygen for breathing though the food value 
of killed vegetable tissue is impaired by the presence of oxygen. 
Live plants, even though they are placed in cold storage at 32° F., 
still respire and in so doing generate heat. This heat must be re¬ 
moved, otherwise it will accumulate in the centers of large masses 
of vegetables causing spoilage or it will cause temperature differen¬ 
tials, within the mass of vegetables, that condense moisture. Ex¬ 
cessive moisture is favorable for the germination of disease organ¬ 
isms. It is obvious, therefore, that a certain amount of ventilation 
must be provided in order to supply oxygen and remove excessive 
heat and moisture. More ventilation is required in warm than in 
cold storage houses. Leafy vegetables wilt quickly if the air is too 
dry or if too much ventilation is provided. Leafy vegetable storage 
is consequently limited to cold (32° F.), moist atmospheres. Some 
\egetables are injured by exposure to cold temperatures. Others 
keep best if stored in relatively dry atmospheres. Sweet potatoes 
should undergo a curing process at 80° F. in a dry atmosphere 
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prior to storage. The cut surfaces of Irish potatoes heal most rap¬ 
idly in a moist atmosphere and a temperature of 60 or 70 t. 

Different vegetables require different temperatures. A few vege¬ 
tables, including sweet potatoes, pumpkins, and squashes should 
be stored at a temperature of 55° F. Most of the other vegetables 
including Irish potatoes, beets, carrots, parsnips, salsify, chicory, 
celery cabbage, and onions should be stored at lower tempera¬ 
tures. Starches in practically all of these vegetables are converted 
into sugar at near-freezing temperatures, i.e., temperatures of from 
31° to 34° F. Vegetables do not freeze until the temperature drops 
to 30° F. or lower. The quality of most of these vegetables is, 
therefore, improved if they are subjected to temperatures near 
32° F. before they are eaten. The practice of allowing parsnips 
to freeze in the ground before they are eaten is justifiable. Pars¬ 
nips, salsify, and horse-radish are, however, the only vegetables 
which can stand freezing in the ground and these vegetables wdl 
be killed if they are frozen after they are dug. A sweet flavor in 
Irish potatoes is not desired. Since near-freezing temperatures are 
often injurious to Irish potatoes, a temperature of from 36° to 40° 

F. is recommended. 

Different temperatures have peculiar effects upon the subse- 
quent growth of the stored vegetable if the vegetables are to be 
grown rather than eaten. For instance, onion sets stored at 40° or 
50° F. will go to seed rather than grow to a larger size when 
planted. On the other hand, sets stored at 32° F. or at 60° F. will 
produce large bulbs rather than seed when planted. A slight varia¬ 
tion in the storage temperature will thus completely alter the type 
of growth made by onion sets which are planted in thousands of 

home gardens. 

Store only high quality products. Vegetables which are stored 
should be free from damage caused by frost, heat, bruises, cuts, 
scars, cracks, decay, dry rot, diseases, or insects. Damaged vegetables 
are bound to decay during the storage period and the rot from 
such decayed vegetables will likely spread to sound vegetables. 

It is a waste of time to store vegetables which, because of over¬ 
growth or because of poor growing conditions, have become un¬ 
desirable as food. Woody or otherwise poor quality vegetables will 
not improve in quality during the storage period. 

The temperatures and humidities recommended for the storage 
of vegetables are given in Table 16 and Figure 44. 


S*»'. 


Stora<jc 


DRY STORAGE 

r85 

SquQftK ♦ pumpkin AH 
{M Z week.) 

75 

70 

65 

60 

55 



nOlST STORAGE 



r 


50 


I 

!Squo«h ♦ pumpkin 4 5 


1 


offer hordeninq) 


40 


> 


I 

Oruons offer curinq 

1 ^ 

$ 

^rq beQne*dn| ptoe-;. 
popcorn 


35 

JO 

25 




I 


^ Tomofooft (qreen mohire) 
Keep W6 weeks 


s 


A 



lomoloes (pink sfoqe) 
Keep 7-10 daqs 

Pofafoes (fobic) 

Beefs - carrofs-ruf oboqas 
cabbaqe-appks 
Pofofoes (seed) 
Calerv|-paninips-f urntpe 








'A 


Minnesota Agr. Ext. Service 

Fig. 44. A temperature chart for the storage of 
vegetables. 

138 





TABLE 16 

Recommended Temperature, Relative Humidity, and Approximate 
Length of Storage Period for the Storage of Various Vegetables 


Commodity 


Asparagus. 

Beans: 

Green or snap. 

Lima. 

Beets: 

Topped. 

Bunch. 

Broccoli. 

Cabbage. 

Carrots: 

Topped. 

Bunch. 

Cauliflower. 

Celery. 

Corn (green). 

Cucumbers. 

Eggplants. 

Endive. 

Garlic (dry). 

Horse-radish. 

Jerusalem artichokes. 

Leeks (green). 

Lettuce. 

Melons: 

Watermelons. 

Muskmelon (cantaloupe) 


Honey dew and honey ball 


Casaba and Persian 
Onions and onion sets 

Parsnips. 

Peas (green). 

Peppers: 

chili (dry). 

sweet. 

Potatoes. 

Pumpkins. 

Radishes (winter). . . 

Rhubarb. 

Rutabagas. 

Salsify. 

Spinach. 

Squash (winter). 

Sweet potatoes. 

Tomatoes: 

ripe. 

mature green. 

Turnips. 


Tempera¬ 

ture 

Relative 

humidity 

degrees F, 

Per cent 

32 

85-90 

32 ’ 

85-90 

32 , 

85-90 

32 

90-95 

32 

85-90 

32 1 

85-90 

32 

90-95 

32 

90-95 

32 

90-95 

32 

85-90 

31-32 

90-95 

31-32 

85-90 

50-60 

80-85 

50-60 

85-90 

32 

90-95 

32 

70-75 

32 

85-90 

31-32 

90-95 

32 

85-90 

32 

90-95 

50-55 

75-85 

32-34 

75-85 

36-38 

75-85 

50-55 

75-85 

32 

70-75 

32 

90-95 

32 

85-90 


70-75 

32 

85-90 

36-40 

85-90 

55-60 

70-75 

32 

90-95 

32 

90-95 

32 

90-95 

32 

90-95 

32 

90-95 

55-60 

70-75 

50-55 

80-90 

50-55 

80-85 

55-60 

80-85 

32 

90-95 


Approximate 
length of 
storage period 


3—4 weeks 

3-4 weeks 
3-4 weeks 

1- 3 months 
7-10 days 
10-15 days 

3- 4 months 

2- 4 months 
7-10 days 
2-3 weeks 
2-4 months 
2-3 days 
6-8 days 
10 days 
2-3 weeks 
6-8 months 

4- 6 months 
2-5 months 

1- 3 months 

2- 3 weeks 

2- 3 weeks 

1- 3 weeks 

3- 4 weeks 

4- 6 weeks 

5- 6 months 

2- 4 months 
1 -3 weeks 

6- 9 months 

4- 6 weeks 

5- 6 months 
2-6 months 
2-4 months 
2-3 weeks 
2-4 months 
2-4 months 

7- 10 days 
2-6 months 
4-6 months 

7-10 days 

1- 6 weeks 

2- 4 months 


Average 

freezing 

point 


degrees F. 
29.80 


29.74 


26.90 

29.20 

31.18 

29.57 

30.08 

29.73 

28.95 

30.50 
30.41 

30.90 

25.40 

26.40 

27.50 

29.20 

31.20 

29.20 2 
28.80 8 
29.00 * 

28.50 » 
29.00 * 

28.20 » 

*30.09 

28.90 
30.03 


30.09 

28.92 

30.15 

I • • • • 

28.40 

27.10 

28.40 
30.64 
29.30 
28.44 

30.38 

30.40 
30.23 


^ From U.S.D.A. Cir. 278., with alterations 

s Flesh 

•Rind 
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Types of storage. Pit storage. The proper conditions of storage 
can be maintained most easily in artificial cold storage houses. 
Great quantities of vegetables are stored in such houses. They are, 
however, frequently not accessible to the farmer or the city gar¬ 
dener; in such instances the pit storage if properly managed will 
prove satisfactory. Crops which require a storage temperature of 
from 31° to 40° F. are frequently stored in pits. In order to pro¬ 
vide this low temperature the vegetables are left in the ground un¬ 
til there is danger from injury by the severe fall frosts. This is 
usually about three weeks later than the date of the first killing 
frost in the fall. If the pit is made too early the vegetables will heat 
and rot in spite of all ventilation precautions. The potatoes, car¬ 
rots, beets, turnips, parsnips, salsify, chicory, and cabbage are care¬ 
fully harvested and the injured specimens laid aside for immediate 
consumption. The sound vegetables are then placed in piles about 

5 feet wide and not more than 4 feet deep and as long as necessary, 
although it is better to make several pits rather than have them 
longer than 30 feet. Usually only one kind of vegetable is placed 
in a pit. Cabbage is frequently stored with the roots attached. 
The pit must be located on well-drained soil. It is customary 
to excavate the length and width of the pit to a depth of from 

6 to 18 inches, although the vegetables may be placed on top 
of the ground without digging a trench. Straw is frequently spread 
over the ground before the vegetables are placed in the pit. Chim¬ 
ney-like ventilators constructed of boards and perforated with 
small holes should be placed at 10-foot intervals in the pit so that 
the top extends above the vegetables. If the bottoms of these venti¬ 
lators are connected to perforated board-covered trenches which 
lead under the pit to the outside air at the edges much better ven¬ 
tilation will be provided. At first the vegetables in pits need only 
be covered with a 6- or 8-inch layer of straw which is weighted 
down with a thin layer of dirt. The top and side ventilators are 
left open until freezing weather when they should be closed (stuff 
holes with straw) at least during the night. As the weather grows 
colder and the ground begins to freeze, more soil is placed on the 
pit until the layer is from 8 to 10 inches deep. When the soil is 
frozen to a depth of 4 or 5 inches, a 10- to 12-inch layer of manure 
or straw is placed over the frozen soil. The manure or straw is 
held in place by a thin covering of soil. At this stage the ventilators 
should be plugged completely, as the frozen soil protected by the 



141 


STORAGE OF VEGETABLES 

outside layer of strawy manure will keep the vegetables near 32° 

or 40° F. until the following May. 

A second 6- to 8-inch layer of soil and then another covering ot 

manure can be added in the northern part of the country if addi¬ 
tional protection is needed. 

Celery may be stored by placing the plants with roots attached 
in trenches of from 10 to 12 inches deep and about a foot wide. 
The soil in the bottom of the trench should be moist but it is im¬ 
portant to keep the celery foliage dry. Boards nailed in a V-shaped 
trough placed about the celery in the trenches are used to protect 
the tops from rain and cold. Straw may be used to supplement the 
boards as the weather becomes colder. During bright, warm days 
the covers should be removed. Beets, cabbage, carrots, chicory,. 
horse-radish, Jerusalem artichokes, parsnips, potatoes, rutabagas, 
and turnips may also be stored in trenches. In fact this is one of 
the safest and best ways to store small quantities of vegetables. 

Common storage houses. Special nonrefrigerated storage houses 
are frequently used because of the convenience which they provide 
as compared to pit or furrow storage. These houses are frequently 
located on the sides of hills so that a portion of the house is under¬ 
ground. Such an arrangement permits filling by chutes from above 
and loading from a lower level when the vegetables are removed. 
Dirt floors help maintain the humidity at the high level needed 
for the storage of most vegetables. Cement roadways provide a firm 
footing for vehicles used in transporting produce and supplies. 
Such structures must be located on well-drained soil and the walls 
waterproofed on the outside. Tile drains should be provided as 
needed to take care of exceptionally wet seasons. The walls should 
be provided with adequate insulation. Suitable insulation ma¬ 
terials include Board Cork, Rock Cork, Celotex, Insulite, Maftex, 
Masonite, Nu-Wood, Temlock, Flaxlinum, Torfoleum, Thermo- 
sote, Maizewood, Tentest, loose fills of Ground Cork, Palco 
Bark, Rock Cork, Rock Wool, Glass Wool, Mineral Wool, Slag 
Wool, Sprayoflake, Wyolite, and Thermofill or insulating blankets 
of Dry-Zero, Cabots Quilt, Balsam Wool, Hairinsul, Linofelt, 
Hairfelt, and Thermofelt. Whatever the material used, it should 
be moisture proofed, resistant to decay and to insect and rodent 
injury, and fire resistant. Sodium fluoride added at the rate of 
two pounds of salt to 100 pounds of dry insulating material will 
help protect against decay and destruction by insects and rodents. 
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Asphalt coatings and seals are useful for waterproofing. Ammo¬ 
nium sulphate used at the rate of 10 per cent by weight is useful 
in retarding fires. 

The temperature of common storage houses is regulated by 
ventilation and sometimes by added heat. Usually the critical pe¬ 
riod is during and shortly after the vegetables are placed in storage. 
At this time the outside temperature, even at night, is higher than 
the recommended temperatures. (See Table 16.) Consequently 
even with a frequent change of air, it is impossible to provide ideal 
temperatures. However, by the use of fans and by admitting the 
air on top of, rather than below, the vegetables, it is possible to 
keep the vegetables sufficiently cool until cooler weather reduces 
, the necessity for frequent air changes and even necessitates the con¬ 
servation and addition of heat. In all instances an attempt should 
be made to provide the temperatures and humidities as recom¬ 
mended in Table 16. 

Use of added carbon dioxide to prolong the storage life and 
quality of vegetables has not been employed extensively in this 
country. However, the flavor of stored sweet com, Lima beans, 
and carrots may be maintained longer if carbon dioxide up to 5 
per cent is used. There is evidence to indicate that some vegetables 
can be stored for a longer period if carbon dioxide up to 10 or 20 
per cent is maintained. Other vegetables seem to be injured by 
this concentration. If carbon dioxide is ever used commercially 
for vegetable storage, it will be necessary to build smaller storage 
rooms so that some of the rooms can be kept closed for definite pe¬ 
riods in order to conserve the COg supply while the produce is re¬ 
moved for consumption from other rooms. 

Basement storage. Most basements afford a good storage place 
for sweet potatoes, pumpkins, and squashes. Rooms well insulated 
and separated at a distance from the furnace often can be kept 
cool and moist enough for the temporary storage of the vegetables 

which are ordinarily stored in pits. 

Freezing storage. Freezing preservation of vegetables is destined 
to assume greater importance. Vegetables stored in this form are 
ready for cooking, a fact which looms large for housewives and 
dietitians. Furthermore, storage space is reduced to a minimum 
because only the edible portions are stored. Moreover, the package 
costs are small compared to tin and similar containers used for 

canning. 
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Freezing preservation affords an excellent means of stabilizing 
the price of fresh vegetables. More gardeners should provide them¬ 
selves with freezing equipment so they can freeze vegetables when 
the market for the fresh product drops too low for profit. In many 
instances their regular trade will welcome the addition of a frozen 
line of vegetables. Vegetables grown on highly fertile soil, such as 
only the market gardeners have, are certain to produce the highest 
possible quality of frozen product if properly processed. 

For freezing preservation it is necessary to prepare the vegetables 
as for cooking. At this stage the product is blanched rather than 
cooked to kill the enzymes. It is then cooled in cold water, drained, 
packaged in moisture- and vaporproofed packages, and frozen. 
Sometimes the vegetables are frozen prior to packaging. Freezing 
should be accomplished as quickly as possible. A temperature of 
—40° F. is recommended. Contact between package and refriger¬ 
ating medium hastens the freezing process. After the product is 

frozen it should be stored at 0° F. or lower. 

Special equipment is useful in effecting economy of operation. 
Lye (2 per cent) peeling baths are effective for peeling carrots, 
parsnips, turnips, etc., with but little loss of weight. Retorts and 
continuous conveyor steam blanchers retain a maximum of vita¬ 
mins and accomplish the destruction of enzymes in an economical 
manner. Viners are necessary for handling large acreages of peas 
and beans. Smaller amounts of peas can be hulled by the machine 
illustrated in Figure 101. A clotheswringer with metal rollers is 
useful for shelling small quantities of Lima beans. Other labor- 
saving equipment is described by manufacturers of canning equip¬ 
ment. 

The essential features for freezing preservation of vegetables are 
presented in Table 17. 

REVIEW QUESTIONS 

1. What are some of the advantages of storage houses? 

2. What are the essential requirements of a storage house? 

3. Do all vegetable crops require the same storage conditions? Give 
examples. 

4. Describe the field method of storing celery, beets, potatoes, and 
sweet potatoes. 

5. Give four disadvantages of field storage. 
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Procedures for Freezing Vegetables 


Vegetable and 
varieties 

Harvesting and 
handling 

Preparation 

Blanching 

Asparagus: 

Martha Washing¬ 
ton j 

Mary Washington 
Palmetto 

Paradise 

Harvest when 
turgid and keep 
turgid in cold stor¬ 
age or by placing 
in water. 

Discard all tough 
portions. (Use 
snapping test.) 

Tips (upper A]/2 
inches) may be 
packaged sepa¬ 
rately or all tender 
portions cut into 
2-inch lengths and 
combined. 

Scald 2 to 3 minutes 
in steam or boiling 
water. 

Beans, green or wax: 
Giant Stringless 
Green Pod 
Stringless Refugee 
Kentucky Wonder 
Stringless Green 
Pod 

Round Pod Kid¬ 
ney Wax 
Tendergreen 

Blue Lake 

Pick while succulent 
—avoid wilting. 

4 

Remove all bruised 
or discolored 
beans. Sort, snip, 
and wash care- 
fullv. 

4 

1 

Scald 2 to 4 minutes 
in steam or boiling 
water. 

4 

Beans, Lima: 

Potato Lima 

Baby Fordhook 
King of Garden 
Woods Prolific 
Fordhook 

Shell quickly after 
harvest. 

4 

1 

1 

j 

Sort and pack white 
and green beans 
separately. 

Scald 1 to 2J^ min¬ 
utes according to 
size in steam or 
boiling water. 

Beets: 

Detroit Dark Red 

Select only tender 
beets, preferably 
during cool 
weather. 

1 Peel, dice, or slice 

i after blanching. 

1 

Scald 2 to 5 minutes, 
depending upon 
size, in steam or 
boiling water. 

Broccoli: 

Italian 

Use only tender, 
compact, budded 
heads. Sort into 
uniform sizes. 

Remove blemished 
parts—leaves and 
tough portions. 

Scald 3 to 4 minutes 
according to size in 
steam or boiling 
water. 

Cantaloupes: 
any high quality 
variety 

Cut flesh in form of 
ball from firm 
fruits picked full- 
slip from healthy 
vines. 

Pack in moisture- 
proofed packages 
and dry freeze. 

Do not blanch. 

4 

Cauliflower: 
any variety 

Select fancy prod¬ 
uce. Handle rap¬ 
idly to prevent dis¬ 
coloration. 

Remove blemishes. 
Cut into small 
pieces. 

Scald 2 to 4 minutes 
according to size ol 
pieces in steam or 
boiling water. 
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Vegetable and 
varieties 

Harvesting and 
handling 

Preparation 

Blanching 

Corn, sweet: 

Golden Cross 
Bantam 

Golden Bantam 
Bantam Ever¬ 
green 

Top Cross Bantam 
Pure Gold 

Narrow Grain 
Evergreen 
StowelPs Ever¬ 
green 

Country Gentle¬ 
man 

Harvest in milk 
stage. Process im¬ 
mediately. 

• 

Remove all blem¬ 
ishes and silk and 
cut from cob after 
blanching. Whole- 
grain cutters can 
be used. 

Scald 4 to 8 minutes 
depending upon 
size. 

Parsnips: 

Hollow Crown 

Harvest late in fall. 

Clean and peel, dice 
or slice. 

Scald 3 to 6 minutes 
in steam. Do not 
use hot water as it 
leaches sugar from 
roots. 

Peas: 

Thomas Laxton 
Alderman 
Improved Gradus 
Telephone 

Lzixton’s Superb 
Onward 

Harvest when at 
; highest table 
quality. Process 
immediately. 

Remove all over¬ 
mature or dis¬ 
colored peas. 

1 

% 

, 1 

1 

Scald in steam or 
boiling water for 1 
to 2}/2 minutes. 

Peppers: 

sweet varieties 

Harvest as for fresh 
market. 

Wash and slice or 

1 halve. 

1 

Scald 2 to 3 minutes 
in steam or boiling 
water. 

Rhubarb and rhu¬ 
barb juice: 
red varieties 

Remove all traces of 
leaves. Leaves con¬ 
tain undesirable 
enzymes. 

Pack 2-inch pieces 
of petioles in 40- 
50% sucrose. 
Sweeten juice to 
suit taste. Pack 

1 juice in glass, leav- 
1 ing head space 

for expansion. 

Do not blanch. 

1 

Spinach- 
Savoy types 

Harvest when green 
and succulent. 

Remove all injured 
areas. Discard 
petioles and wash 
thoroughly 

Scald in steam or 
hot water 2 to 4 
minutes, depend¬ 
ing upon mass. 

Succotash: 

Lima beans and 
corn 2 to 1 or 

1 tol 

See corn and Lima 
beans. 

See corn and Lima 
beans. 

See corn and Lima 
beans. 

Turnips: 

any tender variety 

Harvest in fall when 
roots are free from 
fiber. 

Peel, remove all 
blemished areas, 
and dice. 

Scald 1 to 3 minutes 
in steam. 

Watermelon 

Same as muskmelon 

. Same as muskmelon 

. Same as muskmelon. 


145 




146 


VEGETABLE SCIENCE 


6. What are the advantages of cold storage? 

7. What are the effects of storage on the vegetable industry? 
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chapter 12 

Seed Production and Plant Breeding 



Prior to 1900, most plant improvements tvere made more or less 
by accident by commercial and amateur gardeners. Without an 
understanding of genetic laws to guide their efforts it required a 
multitude of workers to accomplish even small improvements. 
After the rediscovery of Mendel’s works in 1900, a science of plant 
improvement soon developed. Much progress was made at first by 
breeding new and more desirable characteristics by simple hybrid¬ 
ization followed by subsequent selection for desirable characters. 
Backcrosses were frequently employed in order to more quickly 
produce the desirable type of plant when many factors were in¬ 
volved. This technique reduced manyfold the number of plants 
that had to be grown in order to get the desired combination. 

Later chromosome aberrations were induced by treatments 
with chemicals and light rays including ultraviolet and X rays. 
These treatments were sometimes effective in doubling, trebling, 
and quadrupling the chromosome numbers. This increase in 
chromosomes frequently produced a more vigorous and more de¬ 
sirable plant. Linkages which proved a barrier to improvement 
were also broken by similar treatments. 

Hybrid vigor. Still later extensive use was made of hybrid vigor. 
Pure lines produced by several years of inbreeding were recom¬ 
bined to give far more vigorous hybrids than anything previously 
known. Thus hybrid field, sweet corn, and popcorn were the rule 
rather than the exception. These hybrids might consist of two, 
three, or four inbred parents. 

Though the production of inbred lines and hybridization of 
monoecious plants such as corn was a rather simple procedure, the 
production of hybrid vigor by a similar procedure with plants pro¬ 
ducing only hermaphroditic flowers was vastly more complicated. 
Some simple means of freeing the flower of pollen was necessary 
before hybrids could be produced economically. Some progress has 
been made by introducing male sterile lines. These can be induced 
by altering the growing environment or by breeding techniques 
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involving factors that produce male sterility. This technique has 
been used for the production of hybrid muskmelons and tomatoes. 
A suitable method for producing hybrid vigor for some of the 
other vegetables has not been perfected. 

The procedure of producing new forms and hybrid vigor is now 
so complicated that the commercial and amateur growers are leav- 
ing plant improvement to experiment stations and commercial 
seedsmen. Under proper supervision, however, many farmers are 
producing the two-, three-, and four-way hybrids from inbreeds 
that have been produced by plant breeders. A convenient method 
of producing tomato hybrids has been suggested by the Minnesota 
.Agricultural Experiment Station. They have produced a strain of 
tomatoes which has a recessive potato leaf characteristic and a pro¬ 
truding style (female flower part). This line can be crossed with¬ 
out emasculation if used as a female parent. If selfed seeds are ob¬ 
tained they can be eliminated as seedlings by discarding all plants 
with the potato leaf type of foliage. The hybrids will have the 
usual tomato leaf type of foliage. 

Seed saving. Because some seeds are still grown by gardeners, 
some of the precautions which should be observed in seed saving 
are listed here. Most vegetables may be classed either as (1) those 
that have the stamens and pistils in the same flower (hermaphro¬ 
ditic), (2) those with stamens and pistils located in different flowers 
on the same plant (monoecious), and (3) those with staminate and 
pistillate flowers on different plants (dioecious). As previously indi¬ 
cated, male sterile plants may be produced from varieties of plants 
that normally bear hermaphroditic flowers. Some plants normally 
bear perfect hermaphroditic flowers and male flowers. This condi¬ 
tion is known as andromonoecious. Vegetables that normally pro¬ 
duce male and female plants often produce intermediate types, 
some of ^vhich are extreme males, others extreme females, though 
others may be monoecious or even hermaphroditic. The above 
classification is, however, sufficiently accurate to be useful as a 
guide in seed saving or even breeding techniques. 

Since monoecious and dioecious plants must be pollinated by in¬ 
sects or wind, it is obvious that for seed saving purposes it will be 
necessary to isolate varieties so that wind or bees or other insects 
will not introduce undesirable pollen. If the pollinating agency is 
wind as is the case with sweet corn and popcorn, a distance of one- 
half mile is usually considered adequate. If the pollinating agency 
is insects, a mile is a safer distance. Vine crops, including cucum- 
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bers, muskmelons, watermelons, pumpkins, squash, and crucifers, 
including cabbage, cauliflower, kale, kohlrabi, turnip, and radish 
should be planted a mile apart to be sure that varieties will not 
cross with each other. The same is true of carrots, beets, spinach, 
salsify, asparagus, and okra. On the other hand, beans, including 
Lima beans, peas, tomatoes, peppers, and eggplants are normally 
self-pollinated and varieties can be planted a few hundred feet 
from each other without danger of crossing. Varieties of lettuce, 
endive, chicory, and members of the onion (Allium) group, al¬ 
though partially insect-pollinated, can usually be planted within 

200 feet of each other without serious crossing. 

Crossing between species does not occur as a general rule. Musk¬ 
melons do not cross with any other species. Watermelons cross with 
citrons but with no other species. Pumpkins and squash belonging 
to the same species cross easily but many of the interspecific crosses 
are sterile. Most of the botanical varieties of Brassicae cross readily 
as for example cauliflower and cabbage. The radish and cabbage 
hybrid is not fertile; however, fertile hybrids between turnips and 
rutabagas have been obtained. Domesticated and wild forms of 

lettuce cross readily. 

Seed production. In 1945, a total of 228,000,000 pounds of vege¬ 
table seeds were grown on 291,214 acres in the United States. With 
few exceptions seed is produced where favorable environmental 
conditions prevail. Bean seed is grown on irrigated lands in arid 
sections where the foliage is kept dry and anthracnose thus effec¬ 
tively controlled. Pea and bean seed is also produced in elevated 
western regions when cool growing seasons prevail. The seeds of 
cabbage and other Brassicae, beets, celery, and onions are grown 
extensively along the western coast where the plants can be grown 
at a temperature of 40° or 50° F. long enough to initiate the seed¬ 
ing habit. Much of the vegetable seed produced in the United 
States is grown in California where a variety of climate is available 
and where dry weather can be depended upon during the harvest 
and curing periods. California leads in the production of pole and 
Lima beans, beets, carrots, lettuce, radishes, and cauliflower seed. 

Seed growing is a highly specialized business and like breeding 
is usually left to seedsmen or their agents. The information rela¬ 
tive to cross-pollination mentioned previously can, however, be 
used to good advantage in seed production and many gardeners 
grow some of the seed they use for commercial gardening. 

In order to harvest, care for, and clean a variety of vegetable 
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seed, on an economical basis, extensive and expensive machinery 
is required. The sizing of seed is also important from the stand¬ 
point of securing an even flow through seed drills at planting time. 
Large seed of any particular variety usually produces an earlier as 
well as a larger crop. Evenness of maturity of equal sized seed is 
an advantage especially for the growers of canning crops. For ex¬ 
ample, if the different sizes of sweet corn seed are planted sepa¬ 
rately the plantings can be harvested on separate dates with greater 
assurance of evenness of maturity. This saves work for the canner 
on the grading lines and enables the farmer to snap all of the corn 
in any one plot at one trip through the field. The use of hybrid 
sweet corn seed has enabled growers to snap corn of a high degree 
of uniformity as the hybrids are extremely uniform. Small seed 
should be discarded unless seed is very scarce and costly. 

Longevity of seed. Some seed remain viable for only one year, 
others, as for example cucurbits, are able to germinate after 10 
years if stored under favorable conditions, that is dry and cool en¬ 
vironments. All seed lose their capacity to germinate if stored in 
humid atmospheres at high temperatures. For this reason seed 
stored in the tropics where the humidity is high must be provided 
with special dry cold storage. The seed not needed for the current 
season’s planting is frequently shipped to drier, cooler climates. 
Table 18 shows the length of time that seed may be expected to 


retain their viability when stored under dry, cool environments. 

Seed testing. Even though seed is known to come from the pre¬ 
vious season’s crop it is well to test it for germination unless this 
has already been done by the seedsman as is required in some 


states. It is especially important to know the germination percent¬ 
age of seed that is to be sown directly in the field. Otherwise, many 
poor stands will result. If the germination percentage is known it 
is possible to increase the seeding rate and get a favorable stand in 
spite of low germination. Seed sown in steam-sterilized soil will 
give a germination closely approximating that which may be ex¬ 
pected under field conditions. Moistened blotting papers and cloth 
may, however, be used. The proper temperature of from 50° to 
60° F. for cool and from 60° to 70° F. for warm-season vegetables 


(see classification) should be provided. 

The reliability of the seedsman is the best guarantee that the 

seed will be true to type and free from disease. Several state experi¬ 
ment stations make tests to determine purity of varieties. In some 
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TABLE 18 

Length of Time Seeds May Be Expected ™ 

Viability When Stored in Cool and Dry Room 


Kind of vegetable 


Asparagus. 

Bean. 

Beet. 

Brussels sprouts. . 

Cabbage. 

Carrot. 

Cauliflower. 

Celery. 

Cucumber. 

Eggplant. 

Kale. 

Lettuce. 

Muskmelon. 

Okra. 

Onion. 


Years 


3 

3 

4 

4 

5 
3 

5 

6 
5 
5 
5 
5 
5 
2 
1 


Kind of vegetable 


Parsely. 

Parsnip. 

Peas. 

Pepper. 

Pumpkin... 

Radish. 

Rutabaga. . . 

Salsify. 

Spinach... 

Squash. 

Sweet corn. . 

Tomato. 

Turnip. 

Watermelon. 


Years 


3 

1 

3 

4 

5 

V 

5 

4 
2 

5 
5 
1 

4 

5 
5 


instances it is found that there is greater variation between good 
and bad strains of a variety than between closely related varieties. 
Good seed should be (1) clean, that is, free from weed seed and 
other foreign matter, (2) disease free, (3) viable, and (4) true to 

name. u • ^ 

Many seedsmen treat their seed for diseases that may be carried 

in or on the seed. This is discussed in chapter 13. 


REVIEW QUESTIONS 

1. What methods are employed to increase the chromosome num- 
bers of plants? 

2. What benefits may result from chromosome doubling? 

3. What is meant by hybrid vigor? 

4. What practical use of hybrid vigor is made in producing high 
yields of vegetables? 

5. Define hermaphroditic, monoecious, dioecious, and andromo- 
noecious. 

6. Which vegetables should be isolated a mile apart in order to be 

sure that no cross-pollination occurs? 

7. Which vegetables can be planted within a few hundred feet of 

each other without danger of cross-pollination? 

8. Why is bean seed commonly produced on irrigated land in arid 

climates? 
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9. Why are cabbage, onion, celery, and beet seed commonly grown 
along the west coast? 

10. How long is vegetable seed viable? 

11. What conditions are best for the storage of seed? 
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chapter 13 


Disease and Pest Control 



It is not uncommon for a vegetable crop to be attacked by ten 
or more insect and disease pests during a growing season. The gar¬ 
dener who grows twenty or thirty different kinds of vegetables each 
year has a difficult problem to identify all possible kinds of pests 
to say nothing of applying effective controls. Needless to say, gar¬ 
deners who identify pests and apply timely and approved remedial 
measures are in a position to capitalize on good crops and high 
prices when pests destroy the crops of their competitors. They are 
practicing a fundamental business principle, i.e., do something 
that your competitor is unable to do because of lack of knowledge 
or equipment. Contrary to general belief the total value in dollars, 
of a crop made small by pests or other causes, is usually greater 
than a bumper crop. Thus the successful gardener profits doubly 

by growing a crop when his competitors fail. 

Selection of the garden site and sterilization of seedbed soils. 
The successful control of pests begins with the selection of the gar¬ 
dening site. Low areas subject to overflow are bound to be infested 
with insect and disease pests if higher lands in the same area are 
used for vegetable production. Soils used for growing vegetables 
for many years are likely to carry one or more serious diseases or 
insect pests. Winds, birds, animals, tools, purchased plants, and 

seeds are all potential carriers of pests. 

After the garden site is selected, certain precautions should be 
taken to prevent the spread of infestations. Seedbed soils including 
flats, pots, structural parts of hotbeds, and greenhouses should be 
sterilized to prevent the spread of local infestations to larger areas. 

Steam is water in its purest form and should be used whenever 
possible for sterilization purposes as it adds no toxic residues. In 
rare instances, however, steam may kill so many microorganisms 
that they liberate the salts that have hitherto been absorbed on 
them and add so much soluble material to the soil that a toxic con¬ 
dition is produced. Other effective sterilizing agents, however, do 
the same thing. In other rare instances steam produces other little- 
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Fig. 45. Ant injury on tomatoes. This type of injury is becoming more wide¬ 
spread. 


known toxic agents which require remedial measures. A little gyp¬ 
sum (from 500 to 1000 pounds per acre) applied to freshly steam- 
sterilized soils is effective in some instances for preventing certain 
types of toxicity. 

Soil in flats and pots can be sterilized by subjecting it to steam 
for 1 or 2 hours in a steam autoclave or similar structure. Soil in 
hotbeds and greenhouses as well as structural parts, walks, walls, 
etc., can be sterilized by forcing steam into underground tile lines 
made from 4-inch clay tile, laid end to end and buried from 10 
to 14 inches deep and about 18 inches apart. Steam should be 
forced into the ends of the lines through short nipples until the 
temperature of all the soil is 190° F. or above. Tile lines over 100 
feet long are not advisable because of uneven steam distribution. 
In general, one horsepower of boiler capacity is sufficient to gen¬ 
erate steam for from 6 to 9 square feet in from 4 to 6 hours. Note 
that complete hotbeds and greenhouses should be sterilized be¬ 
fore starting on additional units. This is unit sterilization and is 

essential for the prevention of recontamination. 

Soil sterilization is effective for the control of many pests that 
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live in soils including grubs, wire 
worms, garden centipedes, nem¬ 
atodes, rhizoctonia, fusaria of 
different species, “damping off” 
caused by several fungi, clubroot 
of Brassicae, etc. Several of these 
organisms attack plants so that the 
organism may be transferred to 
the field when the plants are set. 

Other sterilizing agents include 
formaldehyde, acetic acid, chloro- 
picrin, proprietary soil fumigants, 
mercuric chloride, and copper 
sulphate. Of these, the first three 
deserve special consideration as 
they leave no permanent toxic 
residue in the soil. Formaldehyde 
(40 per cent) and acetic acid (80 p-jg 45 . Aphid or plant louse, 
per cent) diluted at the rate of 1 

pint to 15 gallons of water and used at the rate of 1 gallon per 
square foot of soil are frequently recommended. Seed should not 
be planted for 10 days after the wet formaldehyde treatment. For 
immediate planting, the soil may be treated with a smaller, more 
concentrated solution. Two and one-half tablespoons of 40 per 
cent formaldehyde diluted with 5 tablespoons of water sprinkled 
over the surface of a bushel of soil and thoroughly mixed with the 
soil is partially effective for the control of damping off. Further¬ 
more, seed may be planted 12 hours after treatment if the soil is 
given a good watering after the seed is planted. Chloropicrin is 
applied with a special applicator at the rate of 2 cc. every square 
foot at a depth of about 4 inches. Mercuric chloride and copper 
sulphate should not be used for sterilizing large areas of cropped 
land due to the toxic residues that may remain for several years. 
Both are, however, effective for treating the surface of uncropped 
soil between hotbeds and similar areas. They also have many other 
uses. Both are precipitated out of solution in the upper layer of 
soil, unless another salt (i.e., soluble salt like sodium chloride) is 
included in the solution. 

Seed-bome pests. Many .pests are carried in or on seed. Every 
effort should be made to obtain seed free from these pests. For ex- 




TABLE 19 

Vegetable Seed Treatments 


Crop 


Cabbage 
Cauliflower 
Broccoli 
Turnip and 
other cruel 
fers 


Cucumbers 

Squash 

Muskmelon 

Pumpkin 


Beets 

Swiss Chard 

Eggplant 

Lettuce 

Pepper 

Salsify 

Spinach 

Celery 
(seed older 
than2yrs. 
requires no 
treatment 
for blight) 


Onions 


Fungicide or practice 


1. Soak seed in hot water 

at 122° F. (50° C.) for 
25 minutes for cab¬ 
bage; all other seed 15 
minutes 

2. Semesan 


Method of treatment 


Since this is a compli¬ 
cated treatment have 
your seedsman do it 


Diseases 

controlled 


Black-rot 

Black-leg 

Alternaria 

Leaf-spot 


2. According to directions Damping-off 
on container Wire-stem 


1. Corrosive sublimate 
( 1 - 1000 ) 


2. Red copper oxide, 
level teaspoon for each 
lb. seed (4 oz. to 100 
lbs. seed) 


Dust seed with red copper 
oxide, 1 level teaspoon for 
each lb, seed (1 lb. to 100 
lbs. seed). Beets 2]^ lbs. 
per 100 lbs. seed 


1 tablet for each pint of 
water or 1 oz. for each 
7 )/2 gals, water. Soak 
for 5 mins., rinse and 
dry 

Place seed and required 
dust in a tight con¬ 
tainer and shake well 


Scab 

Angular leaf- 
spot 

(some An- 
thracnose) 
Damping-off 


Place seed and required Damping-off 
dust in a tight container 
and shake well, or mix 
well in a mixer i 


Calomel, 1 oz. mixed 1. 
thoroughly with 1 gal¬ 
lon water 


>. Semesan 2. 

3. 40% formaldehyde, 1 3. 

part in 240 parts water 
—15 mins. 

4. Corrosive sublimate, 1 4 

tablet in each pint of 
water 10 minutes 

1, Formaldehyde drip 1 


Place seed in fairly 
tightly woven cloth 
sack and dip until seeds 
are made thoroughly 
wet 

Follow directions on 
container 

Pre-soak seed 15-30 
minutes in lukewarm 
water, then soak in 
formaldehyde solution 
Soak seed in corrosive 
sublimate solution, 
rinse and dry 

1 pint in 15 gals, water 
and 125 gals, per acre 
in furrow with seed. If 
soil is dry*, use 1 pint in 
16 gals, and 200 gals, 
an acre. 


Damping-off 


Damping-off 
Early blight 
Late blight 
Early blight 
Late blight 
Smut 

Damping-off 
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TABLE 19 (Continued) 
Vegetable Seed Treatments 


Crop 

Fungicide or practice 

Method of treatment 

Diseases 

controlled 

Onions 

2. Semesan 

2. Follow directions on 
container 

Damping-off 
(where 
plants are 
started un¬ 
der glass) 

Peas 

Beans 

Spergon 

Treat according to direc¬ 
tions on the container 

Damping-off 

Sweet corn 

. New Improved Semesan 

Jr. or Barbak G 

According to directions on 
container 

Damping-off 

Tomato 

• 

1. Select seed 

1. Late blight organism 
carried in seed. Use 
only healthy fruit for 
seed source 

Potato late 
blight 


2. Corrosive sublimate 

2. 1-3000 (8 tablets in 3 
gals, water). Soak seed 

Bacterial spot 
Potato late 


1 

or 

5 mins., rinse thor¬ 
oughly and dry 

blight 


3. New Improved Ceresan 

3. 1 oz. in 9 gals, water; 
soak for 10 minutes; 
dry without washing 

Bacterial spot 
Early blight 
Late blight 


4. Then dust seed with red 
copper oxide, 1 level 
teaspoon for each lb. of 
seed 

4. Place seed and required 
dust in a tight con¬ 
tainer, shake well 

Damping-off 


Modified from tabic prepared in Ext. Bulletin 76, Ohio State University 


ample, bean seed grown in arid climates is usually free from an- 
thracnose, unless the foliage is moistened by overhead irrigation. 
Growers should, however, make doubly sure that seed is not a 
source of contamination by various types of seed treatment. The 
treatments known to be effective are listed in Table 19. 

These seed treatments are generally most effective when growing 
conditions are unfavorable. Spinach seed treated with red copper 
oxide or pea seed treated with Spergon often produces twice as 
good a stand as untreated seed if growing conditions are unfavor¬ 
able at planting time. 

Pests that attack most vegetables. Many pests attack specific, 
closely related crops and attack others only when deprived of their 
favorite hosts. Some pests, however, attack practically all vegeta- 



TABLE 20 

Control for Common Garden Pests 


Pest 

Description 

Remedy 

Ants 

Small types cause much damage 
to seedlings (See Figure 45.) 

Pour powdered calcium cyanide 
into holes in hills and cover to 
confine fumes. Some can be 
poisoned by a 1 to 10 mixture of 
Paris green and brown sugar— 
DDT or chlordane 

Aphids or 
plant lice 

Small green, pink, red, or black 
lice that suck juice from under¬ 
sides of leaves (See Figure 46.) 

% 

Spray with nicotine sulphate (See 
page 161.) Rotenone, N.N.O.R. 
and pyrethrum also used (See 
pages 161 and 162.) 

Crows 

Large, black birds 

Strychnine (See page 164.) 

Cutworms 

(See Figure 47.) 

Use poisoned bran mash on ground 
devoid of vegetation a few days 
before crops start to grow. 

Damping-off 

Caused by several pathegons. 
Seedlings die before emergence 
or rot at surface of ground 

Sterilize soil (See pages 153 and 
154.) Treat seed (See page 156.) 

Gophers 

Small, squirrel-like animals that 
burrow into ground 

Place one tablespoon Grade A 
calcium cyanide in each hole and 
cover to prevent the escape of 
fumes 

1 

Grasshoppers 


Use poisoned bran mash or chlor¬ 
dane (See page 162.) 

Moles 

Fur-bearing animals that burrow 
through the ground near the sur¬ 
face 

Apply . teaspoon household lye, 
flake naphthalene, or calcium cy¬ 
anide in runways at intervals of 
20 feet 

Nematodes 

(Heterodera 

radicicola) 

Small, nearly microscopic-sized 
animal parasites that produce en¬ 
larged roots 

Soil sterilization in greenhouse. 
Include grass crops and velvet 
beans in rotations on outside 

Rats and mice 

Rodents that eat seed of all kinds 
of vegetables 

Red squill 

Zinc phosphide 

Strychnine 

Thallium sulphate 

ANTU (Alpha Napthyl thiourea) 
1080 (sodium fluoroacetate) 

Slugs 

Slimy, snail-like creatures which 
live in moist places 

Use poisoned bran mash (See page 
162.) 

White Grubs 

Large, white larvae with hard 
brown heads that live under 
surface of soil 

Ethylene Di bromide is fairly ef¬ 
fective. Likely to be most severe 
when cultivated crops follow sod. 
- Do not permit grass to grow 

Wire worms 

Long, slender, yellow or brown 
larvae living in soil (See Figures 
48 and 49.) 

1 among cultivated crops. Do not 
; plant root crops on infested soil. 
Soil sterilization effective in 
greenhouse. 
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Fig. 47. Cutworm larva. 

tion. Some of these pests and their controls are listed in Table 20. 

Spraying and dusting. A large number of insect and disease pests 
can be held in check by insecticides and fungicides. The effective¬ 
ness of either sprays or dusts depends upon the material applied 
and the thoroughness of application. In many cases there is a 
choice between the use of a dust or the same material in the form 
of a liquid. Both have several advantages. Sprays usually cost less 
for materials, adhere better, and thus require fewer applications 
and can be made during the day when the wind is blowing. Dusts 
can be applied more quickly than sprays and with less labor. How¬ 
ever, with from 12 to 20 row sprayers and facilities for quickly re¬ 
filling (i.e., adequate water), it is possible to spray 100 acres of 
vegetables per day. In some instances the dust is less likely to in¬ 
jure tender foliage than is the spray. (See Figure 50.) 

Complete coverage is essential for success in spraying or dusting. 
High pressures break sprays into mists which effectively cover the 
foliage even though the nozzles are not in perfect adjustment. 
Finely divided dusts give better coverage than coarser dusts. 

The most efficient sprayer is one that furnishes sufficient pres¬ 
sure (from 240 to 400 pounds) to provide the fine mist which forces 
the foliage forward in such a manner that the under surfaces of the 
leaves are covered. Three nozzles per row, one above with spray 
directed downward and the other two on either side with the spray 
directed toward the row and forward, have long been accepted as 
effective nozzle equipment. The openings in the disks of the nozzles 
become larger with usage and the disks should be replaced fre- 
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Fig. 48. Wireworm. , • i 

quently in order to prevent in¬ 
jury from solid streams of spray 
material that come from enlarged 
openings. 

Knapsack sprayers, bucket 
pumps, barrel pumps, and even 
small hand atomizers can be used 
effectively if extreme care is used 
to see that all surfaces of the fo¬ 
liage are covered. 

From 100 to 200 gallons of 
spray are usually required to ade¬ 
quately cover the foliage on an 
acre of vegetables. However, 
amounts as little as a few gallons 
per acre have recently given 
promising results when finely at¬ 
omized with the newer type of 
equipment including special noz¬ 
zles on airplanes. 

Fig. 49. Adult wireworm. Power and hand dusters are 

both available. The hand dusters 

include plunger, fan, and bellows types. Wheelbarrow and traction 
dusters are used to dust areas too large for hand dusters but too 
small for power dusters. Airplane dusting and spraying is being 

used on some of the largest vegetable gardens. 

Essential materials used in sprays and dusts are commonly classi¬ 
fied as insecticides or fungicides, though some are excellent for 
both purposes. Sulphur is generally considered as a fungicide. 





John Bean Mfg. Co. 


Fig. 50. Multiple-row sprayers are necessary for economical operations. 


though in certain forms it is one of the best controls for red spider. 

. Bordeaux mixture, likewise considered a fungicide, is ex^llent or 
the control of leaf hoppers on potatoes, although DDT is even 

more effective. . 

Insecticides are commonly classed as (a) contact, (b) stomach poi¬ 
sons, or (c) repellents. 

Nicotine sprays and dusts are the best known contact insecti¬ 
cides. Nicotine sulphate, 1 part to 600 parts of water, is commonly 
used as a spray. Dusts can be purchased or prepared by thor¬ 
oughly mixing the nicotine sulphate with hydrated lirne in any 
tight fitting container. A 2 per cent dust is made by adding ^ oz. 
nicotine sulphate to 1 quart of lime or 2i/2 pounds to 50 pounds of 
lime. A 4 per cent dust is made by doubling the amount of nicotine 
sulphate. Free nicotine is used in various forms for greenhouse 
fumigation. It is also vaporized by heat and used as a fumigant 

under canvas for aphid control in the field. 

Pyrethrum sprays and dusts sold under various trade names 
(Evergreen, Red Arrow, Agripax, Pyrefume, Pyrocide, Activated 
Pyrethrum) are also used as contact insecticides. When proprietary 
compounds are used, the recommended direction supplied by the 
manufacturer should be followed. Pyrethrum compounds quickly 

lose their toxicity when exposed to light. 

NNOR and Syntone are proprietary compounds useful as con¬ 
tact insecticides and are especially good for plant lice late in the 
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season Avlien nicotine sulphate does not vaporize with sufficient 
speed to be entirely effective. 

Calcium and magnesium arsenates are stomach poisons used for 
chewing insects on potato and other foliage that is not used for 
human food. They are used at the rate of from 2 to 4 pounds per 
50 gallons of water. One and one-half times as much lime must be 
added to prevent burning. Calcium arsenate, 1 part and 325 mesh 
gypsum, 15 parts, when thoroughly mixed, provide an effective 
control for cucumber beetle if applied to cucurbits before the 
overwintering beetles have had a good meal of cucurbit foliage. 
Magnesium arsenate is the best substitute for rotenone for bean 
beetle control. Lead is especially dangerous to humans, hence lead 
arsenate is seldom used for the control of insects attacking vege¬ 
tables. 

Rotenone is the principal insecticidal constituent in the roots 
of cube, derris, and timbo plants. It leaves no poisonous residue 
and is especially effective against Mexican bean beetles and im¬ 
ported cabbage worms. It is also commonly used for cucumber 
beetles, flea beetles, and aphids on peas. It is the most used insecti¬ 
cide for the control of insects attacking bean, cabbage, and related 
crops. 

Three pounds of a 4 per cent powdered rotenone-bearing root 
(cube or derris) mixed with 17 pounds of dusting gypsum, sul¬ 
phur, or talc make a satisfactory dust sufficient for treating an acre. 
Sulphur should be used as a carrier for red spider and leaf hoppers 
on beans. Sulphur should not be used on cucurbits. Prepared 
dusts can be purchased. For sprays the 4 per cent derris root is 
used at the rate of 2 pounds in 50 gallons of water. Fifteen pounds 
of .75 per cent or 19 pounds of .6 per cent rotenone dust can be 

used instead of the 4 per cent dust. 

Fluorine. Fluorine compounds (Dutox or barium fluosilicate, 

and cryolite or sodium aluminum fluoride are trade names of two 
of the important sources.) are especially effective against blister 
beetles which are hard to kill with arsenicals. The pure forms of 
barium or sodium fluosilicates can be used as a dust mixed at the 
rate of 1 part with 3 or 4 parts of flour, talc, or sulphur, or, as a 
spray at the rate of 2i/^ pounds of the material to 50 gallons of 

Poisoned bran mash. Poisoned bran mash is one of the most et- 
fective controls for cutworms, army worms, grasshoppers, and slugs. 
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Enough to treat one-half acre may be made by mixing 5 pounds 
of bran with pound of Paris green or white arsenic. This mix¬ 
ture is moistened with 3 quarts of water and sweetened with 1 pint 
of syrup. It is scattered thinly at night for cutworms, army worms, 

and slugs and early in the morning for grasshoppers. 

Any material which is distasteful to insects, but which is not 
sufficiently toxic to kill them, is generally considered as a repellent. 
Air slacked and hydrated lime, gypsum, talc, road dust, and to¬ 
bacco dust are common examples. At best they are but temporary 
controls. Their use without the addition of added toxic agents 
is on the decline. Bordeaux is a fairly effective repellent against 

flea beetles on potatoes. 

Bordeaux mixture. Bordeaux mixture is the most used fungi¬ 
cide. It is made by mixing copper sulphate, hydrated lime, and 
water in different proportions. The 4-6-50 formula is commonly 
used. The figures indicate 4 pounds copper sulphate (CuSO^ 
5H2O), 6 pounds hydrated lime (Ca(OH)2), and 50 gallons of wa¬ 
ter. Six and one-half ounces CUSO45H2O and 10 ounces Ca(OH)2 
are used for making 5 gallons of solution. Monohydrated copper 
sulphate may be substituted for the copper sulphate (blue vitriol). 
Only % as much of the monohydrated grade is needed. The cop¬ 
per sulphate is usually dissolved in water in wooden barrels at the 
rate of 1 pound per gallon, by suspending it in a bag near the top 
of the barrel of water. Do not use metal containers. Powdered and 
finely ground material goes into solution more quickly. In mak¬ 
ing the Bordeaux, the lime is commonly added with the water 
until the tank is about full. At this point the mixture should be 
constantly agitated and the copper sulphate added as the tank is 
filled. The Bordeaux should be used the same day it is made and 
the tank thoroughly cleaned after use. 

Bordeaux should be used more frequently during rainy than 
during dry weather. Insecticides except rotenone may be mixed 
with Bordeaux, thus eliminating the necessity of two applications. 
Bordeaux dust, (copper-lime) may be substituted for the sprays. 
A dust made by mixing 20 parts monohydrated copper sulphate 
and 80 parts freshly hydrated lime is commonly used at the rate of 
from 25 to 35 pounds per acre. It should be applied when the dew 
is on the foliage and while there is no wind. 

Fixed copper sprays and dusts are replacing Bordeaux for the 
control of diseases on some vegetables because the Bordeaux in- 






Fig. 51. Treating soil with chloropicrin (tear gas) at the Ohio State University 
gardens, 1945. This is one of the most effective controls known for Canada 

thistle. 


creases transpiration (water loss) to an excessive extent, especially 
on young foliage. This increased transpiration may kill ginseng 
plants, severely injure beans and cucurbits, and cause a high per¬ 
centage of blossom-end rot on tomatoes as well as reduce the yield. 
Most of the fixed coppers are approximately 50 per cent metallic 
and are classified as copper oxides, copper oxychlorides, or basic 


copper sulphate. 

Strychnine, when dissolved in hot water at the rate of i/s ounce 
per quart, can be used for soaking melon or other seed for a period 
of 24 hours. The soaked seed when scattered about the field where 
mice or crows can find it is often a very effective control. 

DDT, (dichloro-diphenyl-trichloroethane) is a new insecticide 

(actually discovered in 1875, by Othmar Zeidlar but its value as an 
insecticide was not discovered until 1943). It is effective against 
asparagus beetles, many leafhoppers, cabbage worms, corn borers 
and corn ear worms, Colorado potato beetles, flea beetles, pea 
aphids, and tomato hornworms. It is also effective against cucum¬ 
ber beetles, squash bugs, and squash vine borers but the usua 
forms of DDT are more or less toxic to cucurbit plants. Use aero- 
sol types for cucurbits. DDT is also effective against fleas, bedbugs, 
Lsquitoes, and some species o£ roaches. It is not effective 
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against Mexican bean beetles or root maggots and is not considered 

a ffood control for aphids. ^ ^ 

Ethylene dibromide at the rate of 2 gallons in a petroleum e - 

truder to make 20 gallons is now being used successfully for t 

control of wireworms and nematodes. This is ^ a 

name of Dowfume W-10. The fumigant is applied at a depth of 6 

inches by special applicators. The soil must be free of refuse and 

tethe pfsts. The fumigant is completely volatile and 

toes no toxic residue. Chloropicrin is also used for the control 

of weeds as well as insect and disease pests. . , t 

Tetraethylpyrophosphate (TEP) and related chemicals show 

great promise for the control of red spider. 

REVIEW QUESTIONS 

I. What are the twelve methods of controlling insect and disease 

^ 2. Name two very serious diseases of cucumbers that are trans¬ 
mitted by insects. .., 1 . 0 - 

3. What are the three general types of insecticides? Give two ex¬ 
amples of each. 

4. Describe the method of making Boideaux. 

5. Give specific uses for copper-lime dust, corrosive sublimate, and 
formalin. 

6. Name four general crop diseases and five general crop insect 
pests. 

7. How is poison bran bait made and for what is it used? 

8. Do spray materials have physiological effects other than those 

due to the control of pests? 

9. Estimate the amount of spray material and equipment necessary 
to control the pests on a ten-acre garden (include costs). 

10. If you think dusting is advisable include estimates on such equip¬ 
ment as is necessary. 

II. How important is thoroughness in pest control? 

12. What relation has pressure to thoroughness? 

13. Why will insect-infested beans heat? 

14. What is the best control for red spider? 
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chapter 14 


Marketing Vegetables 



It is generally known that the producer of vegetables frequently 
gets less than half of the money that is paid by consumers for fresh 
vegetables. The grower, moreover, frequently attributes this wide 
spread from producer to consumer to faulty marketing procedures 
or to excessive profits by middlemen. Though the middlemen fre¬ 
quently do get more than their fair share, the greatly increased 
evaluation which comes after this produce leaves the farm more 
often is due to transportation, processing, or other handling 
charges with the resulting shrinkage and spoilage that normally 
occurs. Slightly more than half of all vegetables, if we include Irish 
and sweet potatoes, are first packaged then conveyed by truck or 
a combination of truck, rail, and boat to distant markets. Upon 
reaching a destination the produce first may be unloaded at a 
commission house, later reloaded and sent to a local grocery where 
it is again unloaded, and later repacked for a local truck delivery, 
or carried home by the ultimate consumer. This often requires 
eleven handlings of the produce and ownership by five separate 
parties, i.e., grower, local buyer, wholesaler, retailer, and con¬ 
sumer. 

Types of buyers. Hucksters. Buyers may be hucksters who travel 
from farm to farm buying produce which they truck to city mar¬ 
kets for sale through retail channels. Hucksters may also buy for 
country merchants or local buyers. 

Truckers. Buyers may also be truckers who purchase from local 
growers or dealers and who truck the produce to city markets to 
be sold through jobbers or wholesalers. 

Traveling buyers and brokers. Another group of buyers travel 
from one producing area to another as the season advances. These 
traveling buyers represent city buyers and work on a salary or 
commission. They buy directly from growers and ship in carload 
lots. Traveling brokers operate as do traveling buyers but may rep¬ 
resent several city firms. They usually charge a brokerage fee for 
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each car shipped. They may also work for growers or country ship¬ 
pers in finding a market for their produce. 

Local buyers. Local buyers, country buyers, or country shippers 
usually establish their places of business in the territory from 
which they make their purchases. They frequently maintain facili¬ 
ties for grading, packing, and storing produce. They usually estab¬ 
lish a reputation for fair dealing. 

Middlemen. Middlemen consist of brokers, wholesalers, com¬ 
mission merchants, and jobbers. 

Brokers. The function of brokers is to bring the buyers and sell¬ 
ers together. Brokers do not assume ownership but charge a fee for 
their services. 

Wholesalers. Wholesalers buy for cash from local buyers, bro¬ 
kers, large producers, etc., and sell to jobbers and retailers. 

Commission Merchants. These merchants sell for a commission. 
They do not purchase the goods but act as the shipper’s agent for 
goods sold on consignment. 

Jobbers. Jobbers operate between wholesalers and commission 
men and retailers. They buy in large lots and sell in small lots. 

Methods of making sales. Cash track sales. Cash track sales are 
those in which the buyers pay cash upon receipt of the bill of 
lading. The buyer assumes all risk of subsequent losses. 

Free on board. The f.o.b. sales usually imply that the buyers 
have a right to inspect their product at its destination before pay¬ 
ment is made. However, f.o.b. acceptance final sales are consum¬ 
mated at the shipping point without benefit of further inspection. 

Delivered sales. This term applies to sales made at the point of 
delivery. Growers or dealers with quality produce can frequently 
profit by sales nearer the consumer. 

Auction and contract sales. Occasionally vegetables are dis¬ 
played, catalogued, and sold by auction. Contract sales are usually 
negotiated with processors such as canners, dehydrators, processors 
of frozen foods, or with commercial distributors who agree to pay 
a certain price for the product. This type of sale assures the grower 
of a market, usually at a rather low price. It is necessary to be sure 
of the honesty and financial rating of the buyer before accepting 

this type of contract. 

All of this is often very confusing to producers and consumers 
alike and there is a universal demand for simplified distribution 
procedures. In order that the wholesaler and retailer will not be 
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unjustly blamed for high consumer prices, it is important to dif¬ 
ferentiate between transportation costs and those that arise 
through the sales efforts of local shippers, brokers, commission 
merchants, jobbers, and retailers. Under ceilings fixed by the 
Office of Price Administration during World War II, the markup 
allowances for all middlemen except the retailer usually was des- 
ignated by definite dollar and cent values. When the vegetables 
brought ceiling prices at the farm, this markup was from 15 to 
25 per cent of the total price finally paid by the retailer. If, how¬ 
ever, the vegetables sold under the ceiling at the farm this dollar 
and cent markup for the middlemen gave them a percentage 
markup which was all out of proportion to the services which they 
rendered. The retailer, on the other hand, operated under a ceil¬ 
ing, which, for vegetables, usually was approximately 140 per 
cent of the price he had to pay for the produce. The retail markup 
is considered fair because loss from spoilage is high for many of 
the perishable vegetables. 

Though there is some flexibility of trucking rates between pri¬ 
vate and contrac^Hrriers, there is practically no difference in rail 
rates. (They all are fixed by governmental or other agencies.) Con¬ 
sequently growers must consider transportation charges as fixed 
charges which cannot be changed to effect savings unless the 
grower attempts to maintain his own transportation facilities. This 
is a business requiring special training and should not be at¬ 
tempted unless the grower is unusually well informed. 

The opportunity to effect savings by reducing the profits of 
middlemen is not nearly as gre^tLas^enerally claimed. When these 
charges do become excessive, the grower or growers’ organization 
usually can assume one or more of the functions of middlemen and 
thus bring the charges into line. Generally speaking, the saving 
accomplished by cooperative selling of produce is limited to less 
than 5 per cent of the total sales price. Failure to recognize this 
fact has led to the failure of many cooperative organizations. In 
order to emphasize this point, consider for a moment the factors 
which may influence the profit or loss of a potato grower. If, for 
example, he plants virus-infected seed his yield, in spite of the best 
of cultural practices, may be less than 100 bushels per acre. Like¬ 
wise, he may use the best of certified seed and still get less than 100 
bushels per acre in some sections of the country. This is because 
he fails to control insect or disease infestations or because he does 
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not practice irrigation. Failure to observe other recommended cul¬ 
tural practices such as using healed seed pieces may also produce 
equally small crops. Conversely if all the growing environments 
are made ideal he may secure yields in excess of 400 bushels to the 
acre. Many similar examples which illustrate the importance of 
proper growing environments could be given. 

Many short-lived sales practices frequently are cited as advan¬ 
tages which accrue to experienced salesmen. These customs in¬ 
clude leader sales, tie-in sales, high pressure sales, and sales in 
select areas where produce is scarce. Their value is questionable 
though these efforts may result periodically in a greater profit. 
They often fail to meet a fundamental law in salesmanship, that 

all sales must be mutually profitable to all parties entering into 
the negotiation. 

Cooperatives. Farmers gradually are learning to realize the value 
of cooperation: consequently, success comes easier than it did in 
the period prior to 1940. 

The principal objectives of cooperative marketing associations 
have been concisely summarized by Lloyd; ^ 

1. Reduce the cost of marketing. 

2. Improve the distribution of the product. 

3. Increase the demand for the product. 

4. Standardize the product and the method of packing. 

5. Protect the individual grower. 

Cooperatives often can reduce the cost of marketing by the pol¬ 
icy of purchasing supplies in large quantities thus securing dealer 
prices rather than retail prices. This obviously effects a substantial 
saving. This applies to supplies and equipment used in production 
as well as marketing. Prominent associations even produce a major 
part of their equipment and supplies. Economy can also be ef¬ 
fected by mechanized packaging methods, hauling full rather than 
partial truck loads, and by using freight rather than express trans¬ 
portation. 

Cooperatives that have ‘‘contact men” throughout the country 
are in a better position than average individuals to know when 
produce is in greatest demand. By directing shipments to these 
areas it is possible to obtain a more satisfactory distribution of 
their commodities. 

Any handler of large amounts of produce is better able to adver- 

1J. W. Lloyd, "Cooperative Marketing of Fruits and Vegetables,” III. Cir. 244; 1919. 
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tise than is the smaller operator. In this way the demand for the 

salable goods may often be increased. 

One of the chief functions of a cooperative association should 

be that of standardizing the product. Obviously the best method 
of standardization is to pack at central packing plants. If there is 
any question about the ability of the management to establish the 
proper standards, the services of federal inspectors should be ob¬ 
tained for so-called continuous inspection. In general, the United 
States’ grades should be the basis for standardization. These grades 
are slightly modified from time to time but copies of the latest 
grades can always be secured from the nearest federal-state inspec¬ 
tors who are usually located in the state capitals. Cooperative op¬ 
erators who have established a reputation for packing high quality 
produce have an advantage over their competitors who are unable 
to offer produce that can be designated under well-established 
grades. Managers of cooperatives who do not insist on strict grad¬ 
ing are doomed to failure because they have no means of knowing 
how to make equitable patronage dividends. 

Even the best managers make mistakes. Shipments may occa¬ 
sionally be made to markets where the demand is almost nil; or 
shipments may be made to firms that do not move the product 
promptly and spoilage results. By averaging the good sales with 
the bad sales, it is possible to protect individuals whose produce 
may have been included in the nonprofitable shipments. This is 
another important function of cooperatives. 

From the foregoing, it is obvious that cooperatives must keep 
accurate books so that each patron will receive his just returns 
based upon the quality and quantity of produce delivered during 
each dividend period. Many cooperatives have failed because they 
have not observed this simple precaution. 

Taxation of cooperatives. It is estimated (1945) there are some 
300,000 organizations in the United States which are exempt from 
income taxation. (See Section 101 [12] of the Internal Revenue 
Code, Revenue Act of 1941.) This includes farmers’ cooperatives, 
fraternal beneficiary societies, labor unions, building and loan as¬ 
sociations, charitable and religious corporations, educational insti¬ 
tutions, hospitals, business leagues, clubs, certain mutual com¬ 
panies, etc. Such groups were afforded this exemption from in¬ 
come taxation because their existence was considered beneficial to 
the public welfare. 

It must be remembered that the act for cooperatives is not a 
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panacea for farmers’ ills. In fact, the very nature of the decree im¬ 
plies the association should be operated so it has little, if any, tax¬ 
able income. Any business that agrees in advance with its patrons 
to make refunds in proportion to patronage can realize the same 
advantages that are common to cooperatives. If cooperatives com¬ 
ply with the provisions of the act there is little or no justification 
for the recent criticism that has been heaped upon them by busi¬ 
ness concerns that do not choose to avail themselves of the same 
exemptions. 

Obviously cooperatives are also exempt from certain other Fed¬ 
eral taxes; namely excess-profits tax, the capital stock tax, the 
documentary stamp tax, and to a very limited extent, the social 
• security tax. 

In order to secure a maximum of tax-exemption, farmers’ co¬ 
operatives must comply with the following ten requirements: 

1. Operating purposes must be restricted. 

2. Operations must be of a mutual nature, with equal treat¬ 
ment for all patrons. 

3. Business with nonmembers must not exceed that done with 
members. 

4. Financial reserves must have a necessary purpose and must 
be reasonable in amount. 

5. Patronage and equity records must be maintained and must 
be permanently preserved. 

6. Supplies and equipment purchased for nonmembers who 
are not producers must be limited. 

(Ownership and control requirements) 

7. Substantially all voting rights must be held by actual pro¬ 
ducers who currently patronize the association. 

8. Substantially all capital shares, of participating type, must 

be owned by actual producers. 

9. The rate of dividends (or interest) on capital shares must be 
limited. 


(General requirement) 

10. Legal structure of association must be cooperative in prin¬ 
ciple and must not contain provisions inconsistent with the fore¬ 
going requirements. 


173 


MARKETING VEGETABLES 

Preparing vegetables for market. Regardless of whether the veg¬ 
etable is offered for sale by the grower, by retail stores, by oper¬ 
ators of roadside stands, or by other agencies it is important that 
they be attractive and of at least standard good quality. In order 
to maintain the quality and attractiveness while exposed for sale 
it may be necessary to keep leafy vegetables cold and moist by the 
use of ice, refrigerated show cases, or by a mist of water applied 
continuously or at frequent intervals. The use of transparent con¬ 
tainers (Cellophane, Plyophilm, Latex, etc.) not only keep the 
products from wilting but protects the vegetables against injury 
by handling. Vegetables so displayed are usually as fresh and crisp 
in the afternoon as they were when placed on display five or six 
hours earlier. It is essential, however, to maintain the proper stor¬ 
age temperature as indicated in chapter 11 even though the vege¬ 
tables are on display for only a few hours. Vegetables exposed to 
high temperatures will rot quickly if not wrapped in moisture- 
proofed containers, moreover the sugar content of sweet corn and 
peas changes to starch quickly upon exposure to high tempera¬ 
tures. The fiber content of asparagus increases rapidly at high 

temperatures. 

Customer convenience is perhaps the most important considera¬ 
tion in preparing vegetables for market. For example, peas in the 
pod are almost a thing of the past because of the excessive labor 
involved in shelling. It requires hours to shell a bushel of peas by 
hand, four minutes with a Sinclair-Scott machine, or a few seconds 
with a viner. If viners are used, the pea vines are cut, usually with 
an ordinary mower and removed from the field, thus saving a pick¬ 
ing cost of some 25 or 75 cents per bushel. This convenience of 
preparation for table use accounts for the considerable popularity 
of frozen and canned peas. Many meals of the future will be pre¬ 
pared from precooked frozen foods, packaged in containers that 
can be subjected to a brief period of heating and set on the table 
ready for use in a few seconds. Just what part the producer will 
play in this convenience development is not certain. Figures 52, 
53, 54, 55, 56, and 57 illustrate various types of packages now in 
use in some of our best stores. Figures 58, 59, 60, 61, and 62 show 
elaborate equipment used to prepare and prepackage vegetables. It 
is obvious that packing will have to be mechanized in order to keep 
packing cost within reason. The waste from trimming prior to 
packaging is enormous. If the operations could be completed on 




Fig. 52. (Celery uia|)pc(l uitli C-cIlophane. 
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in a package with a Cellophane window. 
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Fig. 54. Endi\e displayed in a package with a Cellophane cover. 
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Glenmar Farms 


Fig. 55. Precooled and prepackaged sprouting broccoli 
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Fig. 56 {top). Chinese cabbage and 
radishes are packed in square-corner 
splint baskets. 

Fig. 57. (left). Onions are packed in 
open mesh bags. 
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Glenmar Farms 

Fig. 58. Precooling is an essential operation for most 
picture, freshly cut sprouting broccoli is being subjected 
as it is conveyed through the precooler. 
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Glenmar Farms 


Fig. 59. Thorough washing as well as precooling is an essential operation in 


prepackaging. 
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Fig. 60. Fhe celery in the foreground has been trimmed and is ready to be 
^vrapped in Cellophane by the machinery on the lower conveyor. The 
wrapped celery travels back along the upper conveyor. 













Glenmar Farms 

Fig. 62. A modified bread-wrapping machine is used for prepackaging spinach, 
asparagus, and sprouting broccoli. 


the farm this waste could be employed to good advantage as or¬ 
ganic matter when returned to the soil. 

O 

Types of markets. Roadside markets. Growers located on or near 
principal highways or on paved roads near cities have an excellent 
opportunity to retail a large portion or all of their produce. The 
suggestions given for the preparation of vegetables apply equally 
well to the operators of roadside markets. In addition a few other 
precautions should be observed. 

1. The market should be located on the right hand side of a 
road leading into the city. Families out for their pleasure trip are 
most apt to think of food as they near home. 

2. Always have a large assortment of vegetables prominently 
displayed during sales hours. Attractive displays draw customers 
and the greater the assortment the better. Cooperate with your 
neighbors if necessary in order to have an attractive display. 

3. Always have a courteous, well-dressed attendant in charge. 

4. Provide ample parking space and if possible provide a shelter 
where customers can drive up in cars and make purchases without 
getting out of their cars. 
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5. Provide gift packages so tiie selection of the purchase will be 
easy and can be carried away easily. 

6 . Locate the market on level ground and erect signs several 
miles away which indicate the location of the market. 

7. Use notices in the local papers and other types of advertising 
to indicate when certain vegetables will be available. 

8 . Price produce reasonably. Remember that the customer as 
well as the grower must profit by buying at roadside markets rather 
than at retail groceries. Use price tags and display them promi¬ 
nently. 

Experience has shown that the greatest volume of sales can be 
expected on Friday and Saturday and more in the afternoon than 
in the morning. Some growers also sell on Sunday, but even though 
the sales volume is high on Sunday most growers feel that custom¬ 
ers can be induced to buy on week days. 

Retail city markets. Growers can, if near market, assume the 
roles of shippers, distributors, and retailers. Such is the case when 
they sell their produce in special areas set aside in cities for the sale 
of produce. The same is largely true of most farmers’ markets. Such 
retail sales are gradually replacing sales made by peddling pro¬ 
ducer from door to door. 

Wholesale markets. These markets are distributing centers for 
produce from all producing areas. Such markets as the ^Vashington 
Street Market in New York, the Dock Street Market in Philadel¬ 
phia, and Faneuil Hall Market in Boston, serve the city in which 
they are located and much of the surrounding area as well. Termi¬ 
nal markets established by railroads ser\'e a similar purpose. Ex¬ 
amples include the Produce Terminal in Cleveland, Ohio, and 
Detroit, Michigan. Auctions are usually maintained in terminal 

and wholesale markets. 

Packages. Approximately 10 per cent of vegetables and fruit are 
shipped in bulk, 20 per cent in baskets and barrels, 20 per cent in 
sacks, and 50 per cent in crates and boxes. The Standard Container 
Act of 1928 standardized the sizes of hampers, round stave baskets, 
and splint baskets in intrastate as well as interstate transportation 
under the weights and measures clause of the Constitution. Nine 
sizes are provided in fractions of bushels: that is, l/g’ l4’ Vs’ %’ 

1 U/^. 1V 2 - 2 bushels (See S. R. A., B. A. E., 116). The Stan - 

aid Barrel Act of 1915 established a standard fruit and vegetable 
barrel and a standard cranberry barrel. The Standard Act of 1916 
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Fig. 63. The bulge pack often re¬ 
sults in damaged produce due to 
excessive pressure from packages 
placed on the bulged portions. 


Fig. 64. Sweet potatoes are packed 
in bushel baskets. 


Fig. 65. Cauliflower is packed in 
crates. 
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Fig. 66. Potatoes packed for shipment. 

established standard 2-, 4-, and 12-quart climax baskets. As 
amended in 1934, it provides a 1-pound climax basket for mush¬ 
rooms and fixed standards for i^-pint, 1-pint, and 1-quart berry 
baskets. 

Since sacks, crates, and boxes are not standardized, only 20 per 
cent of the fruits and vegetables are shipped in standard contain¬ 
ers. Corrugated and fiberboard containers, if because of their size 
or shape may be called baskets, are required to comply with the 
Standard Container Acts. (See Figures 63, 64, 65, and 66 for illus¬ 
trations of packages.) 

Weight vs. measure. Vegetables are commonly sold by measure, 
weight, or count. It is generally recognized that sale by weight is 
the most satisfactory, as this method provides a definite basis. Sales 
by measure and count can approximate the definite basis secured 
by sales by weight if the count or measured volume has a definite 
weight. That this is not likely is indicated by the official weights 
give'll a standard bushel of sweet potatoes. In North Dakota, it is 
45 pounds, in Maryland, 60 pounds, in 14 other states, 50 pounds, 
in 10 states, 54 pounds, in 5 states, 55 pounds, and in still 5 

other states the legal weight is 56 pounds. 

Appearances. Reference has been made to the value of quality 
and attractiveness. It is always necessary to attract attention to a 
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Fig. 67. Packaged vegetables displayed for sale in a Columbus, Ohio, retail 
store. Note the refrigerated storage cases below for the storage of vegetables 
used for replacement of those purchased. 

product before a sale can be made. One of the ways to attract at¬ 
tention is to arrange vegetables so that color contrasts catch the 
attention of customers. Red tomatoes, ripe peppers, red sweet po¬ 
tatoes, or yellow carrots placed by the side of green cabbage, spin¬ 
ach, mustard, peas, etc., so that the colors alternate, are much more 
likely to catch the eye than if similar colored products are placed 
side by side. Colored containers are helpful in producing con¬ 
trasts. A unique eye-catching device can be made by using a mirror 
attached behind or above the display on an angle. This fixture em¬ 
phasizes the size and finish of the neatly-stacked assortment. 

Other laws. One of the best of the many laws which regulate 
the vegetable industry is the Perishable Agricultural Commodities 
Act of 1930, which licensed commission merchants and provided 
means for fining and even prohibiting the operations of un¬ 
scrupulous dealers. (See S. R. A., B. A. E., 116). 

Air transportation. Head lettuce, muskmelons, tomatoes, tomato 
plants, and other vegetables have been shipped by plane on an ex¬ 
perimental scale following World War II. Although still expen¬ 
sive, the method has distinct possibilities. This is especially true if 
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much of the waste, that is usually sent to market, is left in the field. 
For example, peas and beans could be shelled, carrots and beets 
could be topped, and cauliflower leaves could be eliminated. Be¬ 
cause of the speed of transportation it would be possible to allow 
cantaloupes and tomatoes to ripen on the vines, thus insuring bet¬ 
ter quality. The development of air transportation probably 
hinges upon the demand for high quality produce, packed in spe¬ 
cial containers, with all inedible portions eliminated. 


REVIEW QUESTIONS 


1. How important are appearances and attractiveness as an adjunct 
to selling vegetables? 

2. Why do you think that 90 per cent of most marketing problems 
are production problems? 

3. How would you use complimentary color harmony in displaying 
and selling vegetables? 

4. What kinds of paper prevent the greatest of moisture loss? 

5. What kinds of paper are not destroyed by water? 

6. Why is the roadside marketing business replacing the wholesale 

dealers? 

7. At what price and what quality produce should be sold on the 
roadside market? 

8. Should packages be used and if so what sized packages should be 
used on the different sides of a road near a large city? 

9. At what seasons (days, weeks, months, or hours) are most of the 

products sold on roadside markets? 

10. What is the best location for establishing a roadside market? 

11. What kind of a building should be used? 

12. What parking facilities should be povided? 

13. List six ways of inducing the motorist to stop. 

14. Compare the cost of marketing through regular channels and by 

roadside markets. 

15. What are the advantages of a partnership versus a corporation? 

16. What are the advantages of cooperative organizations? 

17. What is the difference between a cooperative association and a 


corporation? . . 

18. What are five objectives of a successful cooperative marketing 

organization? . 

19. If you assumed a position as manager of a cooperative association 

why would you fail if you were not in a position to sell graded produce? 

20. Why does it pay canning concerns to buy tomatoes on a grade 

basis? 
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21. Are peas for canning and pickles bought on a graded basis? 

22. What kinds of packages were standardized by the seventieth 
congress? 

23. Is there any law (U. S.) governing the standards of climax baskets, 
berry boxes, till baskets, and barrels? 

24. Do these laws prohibit the manufacture of nonstandardized 
packages for sale in other countries? 

25. What is meant by tolerances? 

26. Do S. R. A., B. A. E.,^ No. 116 regulations apply to interstate as 
well as to intrastate shipments of fruits and vegetables? 

27. What is the purpose of such a law? 

28. Does it prohibit the sale of fruits and vegetables by weight? 

29. What are some of the principal containers used for shipping 
asparagus, cabbage, melons, spinach, celery, tomatoes, beans, lettuce, 
onions, mushrooms, peas, and rhubarb? 

30. How would you grade large quantities of onions and potatoes so 
that the grades would comply with U. S. grade No. 1? 
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chapter 15 


Home Gardening 



In normal times home gardening plays an important role in the 
production of vegetables. During periods of depression and war 
emergencies the importance of home gardens is greatly accentu¬ 
ated. In 1943, it is estimated that approximately 8,000,000 tons of 
vegetables were grown in some 20,000,000 home gardens in the 
United States. The culture of vegetables in small plots is essen¬ 
tially the same as in larger plots. The varieties suitable for commer¬ 
cial gardeners are, with a few exceptions, also suitable for home 
gardeners. It sometimes proves profitable for home gardeners to 
select varieties which are relatively immune to disease and insect 
pests if such varieties are available. Facilities for control of insect 
and disease pests in home gardens are not, as a rule, as adequate 
as in commercial gardens. The planting dates are also similar to 
those employed by commercial gardeners. The safe planting dates 

can be obtained from Figure 6. 

Home gardeners should familiarize themselves with the vege¬ 
tables which are classed as cool-season vegetables and those which 
are classed as warm-season vegetables. Cool-season vegetable seed 
usually can be sown at least 6 weeks before the date of the last 
killing frost in the spring. Cool-season seedlings, if properly hard¬ 
ened can be transplanted in the soil approximately 4 weeks before 
the average date of the last killing frost in the spring. Warm-season 
vegetables, on the other hand, should not be planted more than 1 
or 2 weeks prior to the last killing frost date in the spring and 
warm-season seedlings should never be set in the field until after 
the average date for the last killing frost in the spring. In a similar 
manner the dates of succession plantings can be calculated from 
the planting table by referring to the length of time required for 


Warm-season vegetables are always destroyed by the «>;« “>‘"8 
frost in the fall. Conversely, cool-season vegetables invariably wi 
smnd considerable frost and can be left in the field or approxi¬ 
mately 3 weeks after the first killing frost m the fall. As an ex 
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ample, from the table it may be found that beets mature in from 
40 to 55 days. If we assume an average killing frost date of Octo¬ 
ber 10, this would mean that the beets could be safely planted 55 
days prior to this date or about August 15. However, the figures 
given for days to maturity are for the best possible growing condi¬ 
tions. Since the fall of the year will be too cold for optimum growth 
we have to add a few days as a safety factor so actually beets could 
not be planted on August 15 with any assurance that the crop 
would reach edible maturity before October 10. Approximately 2 
weeks should be added as a safety factor in this instance. A similar 
safety factor should be utilized in calculating the latest possible 
planting date for other crops. With the average latest killing frost 
in the spring set for May 10, this would mean that beet seed could 
be planted from April 1 to August 1 with reasonable assurance 
that they would reach edible maturity before the fall frost date. On 
a similar basis, snap beans could be planted from April 10 to 
July 25. 


The information given throughout this text can be used in de¬ 
termining the average length of time which vegetable seed will re¬ 


tain its viability, the average germination percentage, and the fer 
tilizer practices which should be used. So far as fertilizers are con 


cerned, home gardeners should make all possible use of clippings 
from lawns, fallen leaves, and other sources of organic matter. It 
may even be possible to purchase or obtain free of charge hay from 
near-by farms which has been ruined by inopportune rainfall. All 
home gardeners who expect to raise vegetables year after year on 
the same plot should take advantage of every opportunity of ap¬ 
plying organic matter in order to improve the physical texture of 
the soil. As a rule, it is not as convenient for home gardeners to 
plant rye and other catch crops to conserve the fertility of the soil 
in the fall and to add organic matter; however, greater use should 
be made of rye for this purpose in home gardens. When organic 
matter is spaded or plowed under in home gardens, an application 
of a complete fertilizer should be mixed with the organic matter 
in order to facilitate decomposition of the nitrogeneous material. 
Whether the ground will be plowed or spaded depends upon the 
amount to be fitted. Ordinary areas where there is less than 2,000 
square feet (plot 50 ft. x 40 ft.) can be conveniently spaded. Larger 
plots should be plowed. The organic matter should, of course, be 
thoroughly covered with soil, preferably during the fall of the year 
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so as to provide more time for decomposition. The analysis of the 
fertilizer can be determined by the discussion in the chapter on 
fertilizers. However, in order to encourage the decay of the organic 
matter, the complete fertilizer should contain at least 5 per cent of 
nitrogen, since this element supplies energy for the organisms 
which bring about the decomposition of the organic matter. If ade¬ 
quate nitrogen is not available the crops grown immediately fol¬ 
lowing the application of organic matter may suffer from the lack 
of nitrogen. 

Irrigation. Most of the information included in the chapter 
on irrigation is suitable for home gardeners. In addition, use can 
be made of ordinary hose with any of the types of nozzles available. 
It is essential, however, that home gardeners use the recommended 
precautions for the control of diseases spread by the splashing of 
water. 


Garden planting. The amount of vegetables that should be 
grown in the home garden depends largely upon the size and the 
likes and dislikes of the family. For educational purposes among 
school children these gardens can be extremely small. For a rather 


complete supply of food for a large family a relatively large area 
will be required. Table 21 gives some figures which can be used 
in calculating the amount of vegetables to be grown and the fol¬ 
lowing are suggested planting plans for (1) a very small home 


garden intensely cultivated, (2) a small home garden not intensely 
cultivated, and (3) a proposed planting plan for a 100 x 56 home 


garden. 

The planting table on page 190 gives the planting date in ref¬ 
erence to the killing frosts in spring. The depth in inches, the 
number of seed required per 100 feet of row, the average numbei 
of days to maturity, the spacing used for horse cultivation and for 
hand cultivation, and the approximate yield per 100 ft. of row are 
shown in Table 22. These planting plans should be consulted 
freely by home gardeners as the arrangement of vegetables accord¬ 
ing to a definite planting plan is essential. 

When planting vegetables in a home garden it is advisable to 

plant crops adjacent that require the same length of time for ma¬ 
turity in order that sufficiently large areas will be available for re¬ 
planting when the crops mature. Commercial gardeners on the 
other hand usually plant a sufficient acreage of each crop to permit 
the plowing and the fitting of the plot for other crops upon t e 
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TABLE 21 


Vegetable Food Chart for Calculating Family Needs 


Kind and frequency of serving I 

Weekly amount needed 

Adult 

Child 9-15 

Child 2-8 

White or sweet potatoes, daily. 


2 lbs. 

3 lbs. 

1 Yi lbs. 
31 ^ lbs. 

3 oz. 

2 lbs. 
2^ lbs. 

1M lbs. 

2 lbs. 

2 oz. 

Leafy firecn or yellow vegetables, daily. 

Tomatoes, raw cabbage, daily. 

One other vegetable, daily. 

Dried beans or peas, 3 times a week. 



A 6'xlO' Garden Plan. An Intensively Cropped, High Vitamin 

Garden for School Children 


12" Lettuce 


12" Mustard 
12" Spinach 
12" Radishes 
12" Onion sets 
12" Carrots 
12" Parsnips. 
12" Beets 


} 


6weeks before 
last killing 
frost in spring 


12" Tomatoes.. 


(harvested 

early) 

. 1 week after 
last killing 
frost in spring 
(staked) 


Green 

beans. . 23 ^mo. later 


Green 

beans 


2]^ mo. later 


Radishes 
Lettuce 
Mustard 
Spinach J 

Carrots. . 
Turnips.. 


6 weeks before 
. killing frost in 
fall 

(This area 
triple-cropped) 
. 3 mo. later 
. 8 weeks before 
killing frost in 
fall 

(This area 
double- 
cropped) 


A 6' X 10' Home Garden, Not Double- or Triple-Cropped 

12" Collards or kale planted 6 weeks before last killing frost in spring. 

18" Chard planted 6 weeks before last killing frost in spring. 

18" Parsnips planted 6 weeks before last killing frost in spring. 

12" Salsify planted 6 weeks before last killing frost in spring. 

12" Beets or Carrots planted 6 weeks before last killing frost in spring. 

18" Lima Beans or New Zealand Spinach planted 1 week after last killing frost in 
. spring. ° 

18" Tomatoes set 1 week after last killing frost in spring (staked). 


maturity of the preceding crop. Home gardeners should also at¬ 
tempt to plant crops of the same size side by side to avoid unneces¬ 
sary shading. This is seldom a problem for commercial gardeners. 
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A SAMPLE HOME VEGETABLE GARDEN PLAN 
(100 Feet by 56 Feet—Hand Cultivation) 


Lettuce (Black Seeded Simpson) Plant 3^ April 1 and 3^ April 20 ^ 
Tomatoes, staked (Marglobe) Set plants May 15 

Radishes White Icicle and 3^ Scarlet Globe) Plant April 1 ^ 

Tomatoes, staked (Marglobe) Set plants May 15 

Early Spinach (Long Standing Savoy) Plant April 1 ^ 

Tomatoes, Staked (Marglobe) Set Plants May 15 
Early Sweet Corn (Marcross 6x13) Plant May 1-15 

Fall Squash (Table Queen) Plant June 1-15 in corn.® 

Medium Early Sweet Corn (Golden Cross Bantam) Plant May 1-15 
Late Sweet Corn (Country Gentleman) Plant May 1-15 

Fall Squash (Hubbard row. Sugar Pumpkin row) Plant June 1-15 ® 
Green Onions (Sets) Set April 1, Follow with Golden Cross Bantam Sweet Corn. 
Plant JVly 1 

Peppers (Ruby King) Set plants May 15 
Lima Beans (Fordhook) Plant May 20 
Lima Beans (Fordhook) Plant May 20 

Bush Beans (Burpee’s Stringless Greenpod) Plant May 10. Follow with late Bush 
Beans (Stringless Greenpod) Plant July 15 
Early Peas (Thomas Laxton) Plant April 1. Follow with medium late Bush Beans 
(Stringless Greenpod) June 20 

Early Peas (Thomas Laxton) Plant April 1. Follow with late Cabbage (All-sea¬ 
son) Set plants July 1 

Early Cabbage (Marion Market) Set plants April 1. Follow with Kale (Dwarf 
Green Curled) or late Carrots, Aug. 1 
Swiss Chard (Lucullus) Plant April 1-15 

Beets (Detroit Dark Red) Plant April 1 to May 1. Follow with Turnips (Purple 
top White Globe) Plant Aug. 15 

Carrots (Nantes) Plant April 1 to May 1. Follow with Turnips (Purple top White 
Globe) Plant August 15 

Carrots (Danvers) Plant April 1 to May 1. Follow with Turnips (Purple top 

White Globe) Plant August 15 
Parsnips (Hollow Crown) Plant April 1 
Salsify (Sandwich Island) Plant seed April 1 
Onions (Yellow Globe for dry onions) Plant sets April 1 
Onions (Yellow Globe for dry onions) Plant sets April 1 

This space for Cucumbers and Summer Squash.^ Other vine crops may be used 
here if desired. Cucumber and squash rows should be planted 5 to 6 feet apart 


» Companion crop that will mature before permanent crop needs the space. 

5 Fall squash and pumpkin may be planted in separate plot " , 

• Pole Beans and Winter Squash may be planted in cornfield or in separate plot. 



Storage and insect and disease control. The storage of vegetables 
for the home garden is no different from storage of vegetables pro¬ 
duced commercially except that smaller amounts are usually 


^^Tmect and disease control used by home gardeners parallels the 
methods used by commercial gardeners. If spray equipment is em¬ 
ployed the home gardener finds himself at a distinct disadvantage 
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Fig. 69. Picking peas in the Ohio State University gardens. From this four- 
acre plot some 500 bushels of peas were picked and later canned or frozen 
in the processing laboratory at the university. 
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Planting Table (cont’d.) 

Vegetable Plants Started under Glass 


i 



Celery should be started in greenhouses or hotbeds about 8 weeks and the other vegetables 5-6 weeks before the plants can be set in the field. 
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because it is very difficult with any hand equipment to get the high 
pressures which are vital for breaking the spray into fine particles 
which assure adequate coverage. However, by spending a little 
more time with hand equipment, it is possible to get coverage simi¬ 
lar to that attained by commercial growers. 

REVIEW QUESTIONS 

1. How many tons of vegetables were grown by victory gardeners in 

1943? 

2. How many home gardeners were there in 1943? 

3. How can the organic matter content of home gardens be main¬ 
tained? • u • • 

4. What vegetables should be grown in a so-called high vitamin 

garden? 

5. How does the ability of vegetables to withstand freezing tempera¬ 
tures affect the planting date? 

6. Plan an ideal garden for your own home. 

REFERENCES 

Ware, G. W., “Plant Protectors and Other Factors Influencing Earli¬ 
ness and Production of Cantaloupes,” Ark. Agr. Exp. Sta. Bui. 324, 

1936. 

For up-to-date information write to your state Agricultural Extension 
Service for the latest publication on home gardening. 



chapter 16 




The Potato 



The potato {Solarium tuberosum), a native of America, is the 
world’s principal food crop. Approximately 10,000,000,000 bush¬ 
els of potatoes are produced in the world each year, almost twice 
the production of corn, wheat, or oats. The money value, likewise, 
usually exceeds that of corn, wheat, and oats. The Soviet Union 
produces about two and one-half billion bushels, Germany two 
and one-half billion bushels, Poland approximately one and one- 
half billion bushels, and France about five hundred million bush¬ 
els. On the average, the United States produces slightly less than 
four hundred million bushels. The per capita consumption of po¬ 
tatoes in the United States is declining, having dropped from 
about one hundred seventy-five pounds per capita in the 1910-14 
period to one hundred twenty-five pounds per capita in the 1940- 
45 period. In the Eastern countries of Europe, where potatoes are 
grown more extensively, the per capita consumption may be as 
high as ten to twelve bushels. In addition, large quantities are 
used for starch, alcohol, and other industrial purposes. 

Characteristics. The potato is an annual, which is normally 
propagated asexually by means of whole or cut pieces of the tuber. 
Plants grown from tubers do not have a taproot, but have a fi¬ 
brous root system and these roots arise in groups of three from un¬ 
derground portion of the sprout. These adventitious roots which 
make up the fibrous root system are small, but they extend out¬ 
ward and downward for several feet. The sprouts of stems develop 
from buds within the eyes on the tubers or cut sections of the 
tuber. The stems may be angular or round, covered with fine wool¬ 
like hairs or smooth, and may be green or slightly pigmented de¬ 
pending upon the variety. The lower leaves on the stem may be 
simple but the other leaves are pinnately compound and are 
smooth and flat if leaf hoppers are controlled and climatic condi¬ 
tions are satisfactory. The flowers are borne on a cymose inflo¬ 
rescence which occurs at every sixth node. The corolla is five-lobed 
and may be white, yellow, purple, or blue, depending upon the 
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variety. The flowers are normally self-pollinated. The fruit is a 
green, round berry which contains few or many seeds. Fruit con¬ 
taining seed is usually found only in the northern sections of the 
United States. Tuberization begins at about the time of flower 
anthesis and involves the enlargement of the tip of the rhizome 
and the beginning of tuber growth. These rhizomes arise from 
the underground portion of the sprout or stem. Many factors, 
including temperature, moisture supply, length of light period, 

TABLE 23 

Early Irish Potatoes; Acreage, Production, and Yield per Acre 

OF Leading States and of Total U. S. 


State 

1 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-ycar 
average 
1934- 
1943 

1945 

1 

California. 

30,700 

73,000 

9,314,000 

i 23,360,000 

299 

320 

New Jersey. 

47,190 

62,000 

8,496,000 

1 

11,470,000 

180 

185 

Virginia. 

47,020 

35,300 

6,881,000 

5,295,000 

145 ! 

150 

Florida.. 

26,620 

31,100 

3,530,000 

5,116,000 

128 

162 

North Carolina. 

1 

1 

35,840 

26,000 

4,987,000 

4,550,000 

138 

175 

Texas. 

26,190 

30,800 

2,663,000 

3,097,000 

102 

102 

United States. 

322,960 

357,800 

48,067,000 

64,805,000 

148 

181 


and carbohydrate reserve, affect the formation and number of 
tubers. The tuber, which is the edible portion of the plant, con¬ 
sists of a thickened, underground stem, with scalelike leaves sub¬ 
tending the eyes. Within the eyes the central bud with the aux¬ 
iliary buds are in the same plane due to the shortened internodes. 
The central bud usually develops before any of the adjacent buds. 
The apical bud (distal end) likewise shows this characteristic and 
this condition is known as apical dominance. This apical domi¬ 
nance within the tuber and between individual buds of an eye can 
be broken by cutting the tuber, virus diseases, injury to the apical 
bud, chemical treatment, and high temperature during storage. 
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The potato is characterized by a rather heavy periderm which is 
formed soon after harvesting as well as following injury. 

Climatic requirements. The potato is a cool-season vegetable 
and at the same time cannot be hardened to withstand frosts and 
freezing temperatures. The optimum temperature for growth is 
approximately 63° F. Above 84° F. respiration consumes the car- 

TABLE 24 


Potatoes; Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

1 

t 

1 

1 

1 

Acreage Harvested 

1 

! Production (bushels) 

Yield per acre 
(bushels) 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Maine. 

163,000 



52,785,000 

281 

255 

Idaho. 

129,000 j 

201,000 

28,910,000 

44,220,000 

1 

224 

220 

California. 

65,000 

121,000 

18,787,000 

37,280,000 

289 

308 

New York. 

215,000 

176,000 

28,595,000 

28,970,000 

1 

133 

165 

North Dakota. . . 

135,000 

169,000 

13,249,000 

23,660,000 

96 

140 

Minnesota. 

253,000 

176,000 

20,360,000 

19,360,000 

82 

no 

1 

1 

Michigan. 

239,000 

170,000 



99 

no 

Colorado. 

84,000 

98,000 

14,033,000 

19,110,000 

169 

195 

Pennsylvania.. . , 

185,000 

148,000 

22,318,000 

16,724,000 

120 

113 

United States.. . . 

3,035,800 

2,823,700 

375,091,000 

425,131,000 

124.0 

150.6 


bohydrate supply as fast as it is manufactured through the photo¬ 
synthetic process. This is one of the reasons why potatoes grow 
better in northern portions of the United States. The average yield 
for Maine, for example, for the ten-year period 1932-42 was 270 
bushels per acre. The average yield for Idaho during the same pe¬ 
riod was 219 bushels per acre. The average for the United States 
during the same interval was 116.9 bushels per acre, and in 1947 

it was 182 bushels per acre. 

Potatoes represent a crop which normally produces vegetative 
type of growth including flower formation during long days. 














































THE POTATO 


199 


When the days become shorter, less than twelve hours in length, 
tubers form more readily. Thus, during the long summer months 
in the northern portion of the United States large foliage and vines 
are produced, and when shorter days of fall arrive, the food manu¬ 
factured in these vegetative parts is translocated to the tubers. 
This day length effect is also partially responsible for the large 
yields secured in northern climates. 

Another reason why potatoes yield better in the northern tier of 
states is that leaf hoppers are less severe in cooler climates. With 
the advent of DDT, which is almost one hundred per cent effec¬ 
tive for the control of this insect, it is quite likely that the yield 
of potatoes in the southern states will increase. 

Another striking effect of climate on potato production is the 
inroad made by late blight during wet weather. In regions of 
heavy rainfall it is especially important to keep the plants covered 
with Bordeaux for the control of this disease. 

Soils. The edible portion of the potato is an underground stem 
called a tuber. These tubers are formed on the ends of rhizomes. 
Soils which are loose naturally offer the least resistance to the en¬ 
largement of the tubers so that they assume the proper shape. On 
soils which are rough and cloddy, misshapen tubers are often 
formed. It is also generally assumed that air is necessary for the 
formation of tubers. Muck soils and sandy soils are usually well 
aerated, and, therefore, are favorable for potato production. Silt- 
loam soils which are well drained and high in organic matter are 
also suitable for potato growing. Heavier types of soil, if used for 
potatoes, should be handled to avoid compaction of the soil. Such 
. handling includes spring rather than fall plowing. Even spring 
plowed ground should not be pulverized too hnely. In other words, 
leave some large clods which tend to keep the soil open and thus 
provide better aeration. At the same time, it is necessary to work 
the soil down sufficiently so that moisture is retained. The cut seed 
pieces will fail to heal and will rot in the soil if adequate soil 
moisture is not available. This is especially true of a late planted 
crop. If heavy rains fall after the soil is prepared it should be 
loosened by deep cultivation prior to planting the seed. It rarely 
pays to cultivate deep after the plants appear. However, a limited 
number of tests have shown that on badly compacted soil, it is 
profitable to cultivate deep at the first cultivation provided the 

plants are just emerging. Deep cultivation after this interval will 
disturb the root development. 
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Potatoes thrive on acid soils and if scab is a problem it can be 
partially controlled by adjusting the soil fertility to a pH of from 

5.0 to 5.2. 

Rotation. As already indicated, scab can be partially controlled 
if potatoes are grown on soils that have a pH value of from 5.0 to 
5.2. Since all vegetables, except watermelons and perhaps sweet po¬ 
tatoes, grow best on soils with pH values of from 6 to 7, potatoes 
are usually grown in rotation with farm crops. Tobacco, redtop, 
and rye all do well at a pH of from 5.0 to 5.2. Likewise, oats, soy 
beans, alsike clover, millet, and buckwheat do well at these pH 
values. In deciding upon crop rotations it is essential to keep in 
mind that crops which loosen the soil should be grown. For this 
reason it is common practice to plow under the large green manure 
crops just previous to planting potatoes in order to obtain suffi¬ 
cient organic matter to temporarily loosen the soil. When potatoes 
follow a long-established grass plot such as a pasture, grubs, and 
wireworms are likely to cause considerable damage. 

Some growers plant potatoes on the same soil year after year 
with apparently no substantial reduction in yield, but under seem¬ 
ingly identical conditions others find that successive cropping re¬ 
sults in greatly reduced yields. This system may cause serious in¬ 
festations of scab, Fusarium, and perhaps Alternaria and Phytoph- 
thora. Practice rotations where at all possible. In the western states, 
long-time rotations have very definitely proved advantageous. In 
the Midwest, potatoes are not commonly grown on the same soil 

oftener than once every four years. 

Fertilizers. Most potato planters are equipped with fertilizer at¬ 
tachments which apply the fertilizer in bands on either side of the 
tubers and at a depth of from two and one-half to four inches. The 
fertilizer should not come in contact with the tubers. On some soils 
it may be necessary to apply as much as a ton per acre. In addition 
it has been found that the plow sole applications have increased 
yields Potato growers on the average use at least one thousand 
pounds per acre. On sandy soils fertilizers high in nitrogen such 
as 5-10-10 and 6-15-15 are recommended. On muck soils a ferti¬ 
lizer high in potash should be used such as an 0-12-12, 0-10-20, 
3-12-12, or 3-9-18. For silt-loam soils, a fertilizer high m phos¬ 
phorus is usually recommended such as a 4-1^, 5--10-10, or 
3-12-12. These same analyses may be used for plow sole applica¬ 
tions. In addition, an 8-8-8 is commonly used for this purpose. 
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Hort. Dept., Colorado A & M College 

Fig. 70. Healthy potato plants. 


It is generally assumed that nitrogen should be available early 

in the growth of the potato plant to be most effective. Applications 

made after the plant has attained full size are not considered ef¬ 
fective. 

If fresh barnyard manure is used, it should be applied and 
plowed under in the fall. If large amounts are applied in the 
spring and plowed under, scab is liable to be more prevalent. 
Well-rotted manure may, however, be applied in the spring and 
plowed under without much increase in scab. 

Seed. The best assurance against poor seed is certified seed. 
Large growers and growers’ associations frequently make a prac¬ 
tice of sending representatives to the certified seed potato-growing 
areas so that they can inspect the fields to make sure that the seed 
stock is free from diseases which reduce yields. It is recognized 
there is a difference between the value of seed stock or seed grown 
by different growers even though all is certified. The chances 
of getting disease-free seed from uncertified growers is becoming 
less and less as the virus diseases become more widely distributed. 
Other things being true, the seed from northern localities is su- 
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Fig. 71. Virus diseases have reduced the stand and vigor of the potato plants 
shown at the right. Certified seed was used to produce the plants on the left. 


perior to seed from most southern localities even though both are 
certified. 


The so called “running out” of potato seed stock is probably due 
entirely to the introduction of virus diseases. These diseases are 
spread by different insects and if certified seed is grown in areas 
relatively free from these insects the chances of producing disease- 

free stock are better. 


Potatoes normally have a rest period varying from 50 to 90 days. 
After this period the tubers must be stored at a temperature of 
from 36° to 40° to prevent the sprout development. The methyl 
ester of alpha-napthalenacetic acid is effective for the prevention 
of sprouting. If stored at 32° F. the starch is converted into sugar, 
respiration is increased, and the value of the tubers for seed pur¬ 
poses is decreased. Some growers make a practice of sun-sprouting 
the potatoes. Where a storage temperature of from 36° to 40° F. 
is not obtainable the tubers are placed in a well-ventilated room 
and subjected to diffused light but not direct sunlight. Under 
these conditions, short, stubby, green sprouts are produced and if 
the potatoes are not held too long in this environment the see 
pieces can be cut and planted without the sprouts breaking ott. 
Sprouted seed pieces naturally develop more quickly than those 
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not sprouted; and if environmental conditions are especially fa¬ 
vorable for the growth of early potatoes, it may happen that 
sprouted tubers will produce a larger crop than unsprouted tubers 
of the same variety planted at the same time. However, the reverse 
may be true; that is, growing conditions may be more favorable 
for the production of the crop later in the season, and in this case 
the unsprouted potatoes may produce the greater yield. Because 
of the labor involved in sun-sprouting potatoes, few growers em¬ 
ploy this technique. Growers generally assume that potatoes 
should be cut and planted just before sprouts start to develop. If 
potatoes are planted early in the spring while the ground is still 
cold the seed stock should be removed from cold storage several 
days before planting in order that the tubers may become warm. 
This assures a little quicker start in the field. 


When certified seed is grown in northern localities for planting 
in the southern states it is often necessary to break the rest period 
ahead of the normal 50- to 90-day period. This is usually done by 
storing the potatoes at high temperatures. Storage at from 77° to 
80° F. is usually effective for breaking the rest period. Chemicals 
can be used but are not generally employed. Ethylene chlorohy- 
drin, used at the rate of six cubic centimeters per liter is usually 
effective when the tubers are treated in this solution for one hour. 

A great deal of trouble is frequently experienced from the rot¬ 
ting of seed pieces planted in late spring for the fall crop of pota¬ 
toes. The best insurance against this rotting is to plant small, 
whole tubers. If these tubers are selected from carefully certified 
fields they should be as good as any other tubers from that field. 
If it is necessary to use cut seed, great care should be taken to 
prevent the surface of the cuts from drying out prior to planting. 
Wet gunny sacks should be placed over the seed pieces as quickly 
as they are cut and an effort should be made to get them into the 
soil within a few minutes after they are cut. It is equally important 
to plant the fresh-cut seed pieces in soil that is moist as the new skin 
or wound periderm will form only if the cut pieces are in humid 
soil with a temperature of from 50° to 70° F. This new skin forms 
very slowly at lower temperatures. At higher temperatures seed 
pieces are likely to rot even though the moisture content is satis¬ 
factory. Seed pieces planted in contact with dry soil during hot 
weather will invariably rot. ^ 

Growers usually plant seed pieces that weigh from 1 to 2 ounces. 




Fig. 72. Cutting potatoes. By drawing sharp knives through tubers held 
firmly on board tables, it is possible to effect a considerable saving in time. 



Kansas State College 

Fig 73. How to cut seed potatoes. Lejt: A potato weighing 5 to 6 ounces. 
Center: Potato cut into block seed pieces. Right: Potato cut with a knife 

making desirable wedge cuts. 
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A 1^-ounce seed piece is preferred although larger pieces may be 
used when seed is cheap and smaller pieces when seed is expensive. 
Seed pieces are usually planted from 7 to 14 inches apart in a row 
and with the rows 3 feet apart. It is important to have an equal 
distance between all rows so that sprays can be applied effectively. 
Twenty to 25 bushels of seed are usually planted per acre. 

If large acreages are to be planted, cutting machines are often 
used. Even with varieties that have a large number of eyes, 
cutting machines frequently cut pieces which do not contain 
a single eye. Of course, this results in missing hills. With varieties 
which have very few eyes and which do not produce very many 
sprouts per eye this may be a very serious factor. Various prac¬ 
tices are employed to speed up cutting operations. The potatoes 
can be drawn forward through a knife anchored on a board or the 
potatoes can be spread out on a large table and cut by drawing a 
knife through the tubers which are secured by holding them firmly 
on the table. A little practice will enable operators to cut a great 
number of tubers in a very short time. In cutting, it is essential 
to leave the least possible cut surface exposed. This is accomplished 
by making the pieces as chunky as possible. The longer the tubers 
remain in storage the more sprouts they will produce per eye. 
Tubers which produce the first sprouts at the apex are generally 
considered better than those which sprout from all eyes simulta¬ 
neously. Apical dominance is definitely correlated with relative 
freedom from virus disease. Apical dominance can be destroyed by 
removing the apical sprout, by mechanical injuries, and by chem¬ 
ical treatments. 

Seed treatment. The diseases scab and rhizoctonia are commonly 
found on tubers. As already indicated scab can be partially con¬ 
trolled by growing the crop in soils that have a pH value of from 
5 to 5.2. Many seed treatments have been used for the control of 
these two diseases but none of them have given consistent results. 
For greater details consult the paragraph on scab and scurf. Grow¬ 
ers formerly treated the seed with lime, sulphur, and other dusts. 

This practice has been found unprofitable and is not followed at 
present. 

Culture. The seed is usually planted by potato-planting machin¬ 
ery which plants the seed and applies the fertilizer in one opera¬ 
tion. Single- or multiple-row planters may be used, depending 
upon the extent of operations. As already indicated, it is essential 
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that the seed pieces be planted in contact with the moist soil in 
order that the cut surface will heal over and not rot. For the late 
crop when the soil is dry this may mean planting at a depth of 4 or 
5 inches. For the early crop, planting at a depth of 2 or 3 inches 
may be adequate. If the seed is planted very early it should be 
planted deep enough to protect it against freezing. If the seed is 
infested with rhizoctonia, commonly called scurf, more serious 
outbreaks are likely to occur if the seed is planted deep. Seed so 
infected when planted early is frequently planted shallow and in¬ 
stead of ridging up the soil over the rows, the covering disks are set 
so that a slight furrow is left. Thus the seed pieces are only a couple 
of inches deep and the sun shining upon the furrow keeps the soil 
relatively warm. These higher temperatures tend to produce an 
earlier gro^vth which is less subject to the attack of rhizoctonia. 

Two types of planters are used, the picker type and the plat¬ 
form type. The picker type is so designed that mechanical pickers 
grasp or spear the potatoes and deposit them at the proper inter¬ 
vals. Their chief advantage is that they require less manual labor 
for operation. The disadvantage lies in the fact that the seed pieces 
are injured by the mechanical picker. This may or may not be a 
serious disadvantage depending upon the season of the year in 
which the seed is planted. The platform type requires an attend¬ 
ant for each row to make sure that the seed piece is dropped in the 
revolving disk. Some of these platform types require very little at¬ 
tention on the part of the attendant. The platform type of planter 
naturally gives a little better stand than the picker type. 

Cultivation should be shallow and sufficiently frequent to kill 
the weeds. As already indicated deep cultivation should rarely be 
given because more damage than good is done by killing the po¬ 
tato roots. 

Irrigation. More and more growers are irrigating potatoes. In 
very dry seasons this may mean an increase of three or four hun¬ 
dred per cent in yield and is one of the best insurances against low 
yields. The portable lightweight type of irrigation described m 
chapter 10 is commonly used. The soil should be kept reasonably 
moist but not wet. If the lenticels on the tubers become enlarged 
it is an indication that the soil is too wet. Some growers measure 
the rate of evaporation by a porous black atmometer and apply an 
inch and one-half of water per inch of evaporation. This is a very 
aood practice to follow but experienced growers can tell by the 
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feel of the soil when water is needed. Little is known about when 
to start and when to stop irrigation. However, it is generally as¬ 
sumed that irrigation should be provided whenever the soil is 
excessively dry regardless of the stage of growth. This, of course, 
applies as long as the crop is growing. Most growers prefer to 
allow the soil to become fairly dry until tubers start to grow. 
After this time a sufficient supply of moisture is always applied. If 
excessive amounts of moisture are applied before tuberization 
starts the plants may set too many tubers with the result that 
many small tubers will be produced. The market demands are for 
relatively large rather than for small tubers. Of course, water 
should not be applied after the plant is dead. At this time the crop 

should be harvested as quickly as possible. 

Spraying. In most sections of the United States it is useless to 

attempt to grow a crop of potatoes without spraying for insect 
and disease control. Commercial growers find it necessary to apply 
7 to 10 applications of Bordeaux for the early crop and from 10 to 
15 applications for the late crop. Arsenate of lead or calcium ar¬ 
senate is applied at the rate of 2 pounds per 50 gallons once or 
twice during the season for the more effective control of Colorado 
potato beetles and for flea beetles. A 4-4-50 Bordeaux or similar 
Bordeaux is usually applied at the rate of from 100 to 200 gallons 
per acre depending upon the size of the foilage. DDT, 1 pound of 
50 per cent wettable powder and 4 pounds of tribasic or Bor¬ 
deaux or similar copper per 100 gallons of water, added at the rate 
of 100 to 200 gallons per acre has recently proved very effective for 
the control of leaf hoppers as well as flea beetles and Colorado 
potato beetles. 

In order to get an even distribution of the spraying material 
it is necessary to apply it in the form of a fine mist at high pressures. 
A pressure of from 250 to 400 pounds at the pump is usually em¬ 
ployed. For very dense foilage it is necessary to apply as much as 
200 gallons per acre. Three nozzles per row should be used. One 
should be directed downward and one should be directed toward 
the plant and forward on each side of the row. This forces the 
plant slightly forward and covers the under surface as well as the 
upper surface of the leaves. The nozzles should be about 6 inches 
from the ground early in the season but later in the season they 
can be raised somewhat. Large commercial growers commonly 
spray the same rows in the same direction each time. This tends to 
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Fig. 74. A power sprayer in action. Note that both ends can be raised to 
enable the outfit to pass through gates. 


force the plants over in one direction so that the under surface can 
more easily be covered with spray material. A thorough applica¬ 
tion of spray materials is one of the most important essentials for 
potato culture. 

Straw mulch. Sometimes potatoes are grown under a mulch of 
straw to conserve moisture, to keep the soil cooler, and to retard 
weed growth. The mulch should be applied at the rate of about 10 
tons per acre after the plants are up in order to avoid interfering 
with the emergence of the plants. The original application of 10 
tons per acre will provide a covering about 10 inches deep which, 
after being packed by rains and spraying equipment, will be about 
3 inches deep. Inasmuch as straw mulches frequently limit the 
amount of nitrogen available for other crops it is essential that 
straw mulch be used only on soils that provide ample nitrogen or 
fertilizers containing adequate nitrogen should be applied prior 
to the mulch. It is essential that the nitrogen be applied early as 
potato plants do not seem to be able to utilize nitrogen after they 
have attained half their growth or more. Nitrogen starvation fol¬ 
lowing straw mulches is due to the fact that the organisms which 
decompose the straw compete with the potatoes for the available 
nitrogen. This competition extends below the surface of the soil as 
some soluble carbohydrates are leached into the soil from the 
mulch. Potatoes grown under straw are practically always allowed 

208 








THE POTATO 





Fig. 75. An airplane duster covers from 50 to 75 acres per hour. 


to mature before being harvested. Straw mulches should be used 
only on well-drained soils. 

Varities of potatoes. Within the past fifteen years great progress 

has been made in producing new varieties of potatoes some of 

which are resistant to several of the virus diseases and others which 

» 

are resistant to late blight and scab. These new varieties are grad¬ 
ually replacing older types. However, some of the older varieties 
are still planted extensively. Stuart ^ classifies potatoes under 
twelve groups. 


Group 1. Cobbler 

Tubers: Roundish to roundish-flattened or slightly oblong, 
stem end usually deeply recessed or notched; skin creamy-white. 

Sprouts: Base, leaf scales, and tips slightly or distinctly tinged 
with reddish-violet or magenta. In some cases the color is nearly 
or entirely absent. 

Flowers: Light rose-purple, under intense heat may be almost 
white. Plants flower very profusely in some sections. 

Group 2. Triumph 

Tubers: Roundish to roundish-flattened; skin solid red or ma¬ 
genta in the case of the Triumph to creamy-white with more or 
less numerous splashes of red or carmine in the case of Noroton 

1 William Stuart, “Group Classification and Varietal Descriptions of Some American 
Potatoes,” U. S. Dept. Agr., Bui. 176, 1918. 
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Beauty, and white with faint to pronounced coloring in the eyes 
in the case of the White Triumph; maturing early. 

Sprouts: Base, leaf scales, and tips more or less deeply suffused 
with reddish-violet. 

Flowers: Very light rose-purple, rather small, flowers sparingly. 

Group 3. Early Michigan 

Tubers: Oblong or elongate-flattened; skin white or creamy- 

white, occasionally suffused with pink around the bud-eye cluster 
in Early Albino. 

Sprouts: Base light rose-purple, tips creamy-white or light rose- 
purple. 

Flowers: White, rather profuse. 

Group 4. Rose 

Tubers: Elongate-flattened to spindle-shaped flattened in section 
1, or oblong-flattened in the case of section 2, skin flesh-colored or 
pink; bud-eye cluster deep maganta; in the case of the white rose 
the skin is white. 

Sprouts: Base and internodes creamy-white to deep rose-lilac; 
leaf scales and tips cream to rose-lilac. 

Flowers: White, blooms fairly abundantly. 

Group 3. Early Ohio 

Tubers: Round-oblong, or ovoid, generally slightly flattened 
though not always; skin flesh-colored or light pink, usually with 
numerous medium-sized, rather conspicuous russet dots or lenti- 

cels. 

Sprouts: Base, leaf scales, and tips more or less deeply suffused 
with carmine-lilac to violet-lilac or magenta. 

Flowers: White, moderately free bloomer. 

Group 6. Hebron 

Tubers: Elongated, and distinctly flattened, sometimes spindle- 
shaped; skin creamy-white more or less colored with a flesh color, 

or light pink. Creamy-yellow around eyes. 

Sprouts: Base creamy-white to white-lilac; leaf scales and tips 

pure mauve to magenta, color often absent. 

Flowers: White, blooms moderately. 
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Group 7. Burbank 

Tubers: Long, cylindrical to distinctly flattened, inclined to be 
somewhat spindle-shaped; skin white to creamy-white, smooth and 
glistening or slightly netted, or deeply netted and dark, russet in 
the case of section 2. 

Sprouts: Base creamy-white or faintly tinged with magenta; leaf 
scales and tips usually lightly tinged with magenta but quite often 
color is absent. 

Flowers: White, moderate bloomer. 

Group 8. Green Mountain 

Tubers: Moderately to distinctly oblong, usually broad, flat¬ 
tened with blunt ends; skin dull creamy or light russet color; some¬ 
times rather heavily netted especially toward the seed end. 

Sprouts: Section 1; base, leaf scales, and tips creamy-white. Sec¬ 
tion 2; base usually white, occasionally tinged with magenta, leaf 
scales and tips tinged with lilac to magenta; usually color is very 
faint. 

Flowers: White, blooms profusely. 

Group 9. Rural 

Tubers: Broadly round-flattened to short oblong, or distinctly 
oblong-flattened; skin creamy-white, usually smooth, but some¬ 
times lightly netted, or heavily netted, and russet color as in sec¬ 
tion 2. 

Sprouts: Base dull white, leaf scales and tips violet-purplish to 
pansy-violet. 

Flowers: Central portion or corolla deep violet-purple with the 
color growing lighter toward the outer portion; five points of 
corolla white or nearly so; blooms moderately. 

Group 10. Peerless 

Tubers: Round-flattened to heart-shaped flattened, usually 

heavily shouldered due to deep recession of stem; skin dull white 

or buff in section 1, distinctly russet or brownish color in section 

2, or a deep bluish-purple with occasional creamy-white splashes, 
usually around the eyes in section 3. 

Sprouts: Sections 1 and 2; base, leaf scales, and tips usually 
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faintly tinged with lilac; section 3; base, leaf scales, and tips vinous- 
mauve. 

Flowers: White, blooms very sparingly. 

Group 11. Peachblow 

Tubers: Round to round-flattened or round-oblong; skin 
creamy-white, splashed with crimson or solid pink; eyes bright 
carmine. Includes some early-maturing varieties. 

Sprouts: Base, leaf scales, and tips more or less suffused with 
reddish-violet. 

Flowers: Purple, usually blooms freely. 

Group 12. Up-To-Date 

Tubers: Oblong-flattened to somewhat obovate-flattened; skin 
creamy-white, moderately netted or nearly smooth. 

Sprouts: Base dull white, leaf scales faintly to distinctly tinged 
with light magneta. 

Flowers: Rose-purple, blooms moderately or fairly profusely. 

Pistil: Usually short, thick, and curved with enlarged stigma. 

Triumph and Cobbler are still grown extensively. The varieties 
in the groups Early Michigan, Rose, Early Ohio, Hebron, and Peer¬ 
less are seldom grown commercially. The Burbank group is grown 
throughout the northwestern states. Green Mountain is still grown 
to some extent in Maine and the Rural variety is grown through¬ 
out the north central tier of states. The several varieties belonging 
to the Peachblow group are grown in Colorado. 

Description of Potato varieties. Cobbler {Irish). Tubers round¬ 
ish to roundish-flattened or slightly oblong-flattened, the stem end 
usually rather deeply notched giving a shouldered appearance to 
the base of the tuber. Eyes medium in number, deep, especially in 
bud-eye cluster. Skin smooth, light cream-white in color. 

Early Ohio. Tubers ovoid to round-oblong or cylindrical, with 
round seed and stem ends. Eyes numerous, rather shallow, are us¬ 
ually protuberant. Skin light pink, surface of skin dotted with 

small, raised, corky dots (lenticels). 

Rural and Russet Rural. Tubers round-flattened to short-ob¬ 
long or oblong-flattened. Eyes few, very shallow, bud-eye cluster 
strong and usually depressed. Skin cream-white for white Rurals 
and deep russet color and much netted for Russet Rurals. 
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Triumph. Tubers roundish to roundish-flattened with stem end 
slightly to distinctly shouldered. Eyes medium in number, rather 
shallow; bud-eye cluster generally more or less depressed. Skin 
solid red or occasionally solid red splashed with crimson. 

Newer potato varieties. Chippewa. A smooth, dark, cream, buff 
potato. Tubers elliptical to oblong, medium thick, eyes shallow. 
It is a high yielder, having outyielded Katahdin in many places. It 
is resistant to mild mosaic but not to spindle tuber or leaf roll. 
It usually matures a week or so ahead of Katahdin. There is very 
little second growth. The leaves roll under adverse conditions mak¬ 
ing it hard to rogue. Results have been variable. In many cases the 
cooking quality has not been good. However, it has high market 
quality and is especially recommended to be grown on muck be¬ 
cause of the ease with which it can be washed. 


Earlaine. A new early variety. Tubers round and regular in out¬ 
line. Average length 2.19 inches, average width 3.07 inches, skin 
slightly flaked. Ivory-yellow color. It is somewhat later than Irish 
Cobbler and lower in yield. The cooking quality is only fair but 
the storage quality is excellent. It is of value to the plant breeder 
because it combines the factors of earliness with the ability to pro¬ 
duce plenty of good pollen. It is highly resistant to mild mosaic. 

Erie. Parentage; seedling 45-146 X Earlaine. Maturity about the 
same as the Russet. Sets heavy and has outyielded the Russet. 
Tubers do not become misshapen in dry weather. Variety valuable 

for high yields but has little if any resistance to diseases. Tubers 
are white and keep well in common storage. 

Golden. A yellow-fleshed variety. Tubers are roundish and me¬ 
dium thick. Eyes are fairly shallow and the same color except for 
the central eye of the apical bud cluster which is a pale rose-purple. 
It has outyielded many of the standard varieties. Its adaptation is 
somewhat limited because of its habit of setting a large number 
of tubers. These do not reach good size under adverse growing con¬ 
ditions. It is not claimed to be resistant to mild mosaic but seems 
to be tolerant to some extent. Its cooking quality is excellent. 

Houma. A smooth, almost round variety, mean length 2 59 
inches, mean width 3.25 inches. It is slightly flattened at the apex. 
The eyes are shallow and the color is dark buff. It is resistant to 
mild mosaic and potato wart. It has good cooking quality. It has 
done especially well in Louisiana. 

Katahdin. A smooth, dark, cream, buff potato. Tubers are short 
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elliptical to roundish, medium thick, with few and very shallow 
eyes. Will hold good shape under adverse conditions. There is 
very little second growth. It is resistant to mild mosaic but not to 
leaf roll or spindle tuber. Cooking quality is very good. It is a good 
yielder in most places and holds up well in storage. It has a wide 
range of adaptability and is becoming popular in many states, in¬ 
cluding Idaho. 

Mehominee. Parentage; Richter’s Jubel X seedling 44-537. 
Richter’s Jubel is a scab-resistant European variety and seedling 
44—537, a russet mutation from a cross of Chippewa X Katahdin. 
Late maturing variety and tubers inclined to be rough and es¬ 
pecially indented at the seed end. Highly resistant to scab and 
moderately resistant to late blight. A stop gap variety where scab 
is serious. Tubers are white with evidences of russeting. 

Pawnee. An early rapid-growing variety with smooth, short-el¬ 
liptical to roundish tubers (mean length 3.39 inches, mean width 
3.20 inches) with few and shallow eyes. The skin is self-colored, 
varying from cream to dark cream-buff; flesh white; tips of leaf 


scales dark anthracene violet, body and base of lateral leaf scales 
without color. Quality good. 

Pontiac. A red potato resembling closely the Triumph—one of 
its parents. The tubers are similar in shape although somewhat 
longer on the average. The eyes are medium deep. It is not resist¬ 
ant to mosaic but seems to hold up better than some varieties under 
conditions of drought. The yields are high especially on muck 

soils. Very susceptible to leaf hoppers. 

Red Warba. This is a periclinal chimera arising as a mutation 

from its parent, the Warba. It is in most respects the same potato 

with a red skin. It tends to have splashes of white skin and for this 

reason is discriminated against in some markets. 

Sebago. A round-elliptical potato, medium thick, with shallow 

eyes (mean length 3.22 inches, mean width 3.07 inches). Tubers 
are ivory-yellow. It is resistant to mild mosaic. Its outstanding char¬ 
acteristic is its resistance to late blight in some areas. It is a good 

yielder and has good cooking quality. 

Sequoia. A new variety which has been grown only to limited 

extent. Its outstanding characteristics include: tolerance to Hea 

beetle and leaf hopper injury, partial tolerance to late blight, high 

yields, and some resistance to drought. It is very susceptible to 

scab. It is not early enough to compete well with Irish Cobbler. 
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Fig. 76. Digging potatoes in the Ohio State University gardens. 


Warba. A white potato with pink eyes. Tubers are short, round, 
and blocky. Eyes tend to be deeper than is desirable. Sometimes 
referred to as the “pink-eyed Cobbler.’’ It is resistant to mild mo¬ 
saic. The yields are as good or better than those of the Irish Cob¬ 
bler and it is a week or more earlier. The cooking quality is re¬ 
ported from Minnesota as being excellent. It is on the increase in 
its home state and to a lesser extent in others. 

The Green Mountain is especially susceptible to flea beetles. 
The vines are large and strong and are branched, the stems are 
light green in color, the flowers are white, and the tubers are 
moderate to distinctly long usually broad-flattened with more or 
less blunt ends. The eyes are medium in number and shallow, with 

strong bud-eye cluster. The skin is a cream-white or a russet color 
when well netted. 


Harvesting and storage. Early potatoes are frequently dug be¬ 
fore the tubers are fully mature. At this stage of growth the skin is 
injured rather easily and such tubers can be recognized by the 
fluffed or curled fragments of skin. Whether to dig early or to 
allow the potatoes to fully mature depends'upon the price. If the 
price is high and a drop is anticipated before full maturity, it often 
pays to dig the crop before full maturity. If immature potatoes are 
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Fig. 77. Hauling potatoes from the field at the Ohio State University gardens. 
Note the irrigation system. 


run over dry grading machinery the equipment becomes wet from 
the abrasions which are made in the tender skin. Most of the early 
potatoes grown in the southern states are washed rather than dry 
cleaned prior to marketing. Elaborate machinery is utilized for 

washing, grading, drying, and packaging. 

Most commercial growers now use digging machines, drawn by 

a tractor or horses. Single- or double-row machines can be used. 
Elevators can also be attached which deliver the potatoes into the 
crates. In digging, it is essential to set the machine deep enough 
so that potatoes are not cut. The shovel must be at least 24 inches 
^vide in order to make sure that all of the tubers are dug as some 
varieties are formed on the ends of rather long rhizomes. If the 
potatoes are allowed to lie on the ground after digging it is essen¬ 
tial that the temperature not be above 90° E. as this is likely to 
cause considerable internal breaking down. If the temperature is 
not too hot it is well to allow the tubers to remain on top o the 
ground for an hour or two so that the surface dries, thus faci itat- 
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ing the cleaning process. In order to make sure that the potatoes 
are properly graded it is necessary to run them over grading and 
sizing machines. In order to eliminate disease-infested tubers it is 
also necessary to have sorters stationed along the line to pick out 
types of defects which cannot be eliminated with mechanical 
equipment. As soon as the potatoes have been sized and graded 
they are packaged if they are to be offered for sale. Formerly, most 
of the potatoes went to market in 100-pound burlap bags. The cur¬ 
rent trend is to use smaller packages; 50-pound burlap bags and 
paper bags which will hold from 5 to 50 pounds are being used 
more and more. Cotton bags are also used. 

Potatoes should be stored at a temperature of from 38° to 40° F. 
and with a humidity of approximately 90 per cent. It is best to 
utilize cut and injured potatoes immediately and store only un¬ 
injured tubers. The injured tubers however, can be induced to 
form a new skin by storing them in a humid room where the 
temperature ranges from 60° to 70° F. It requires from 10 days to 
2 weeks in this type of environment to produce a new skin. After 
this new skin is formed the potatoes may be stored at 38° or 40° F. 
Potatoes should never be stored in a bin where there is a space of 
more than 4 feet from the outside of the pile to the center of the 
pile because lack of oxygen in the center may cause blackheart to 
develop. Apparently the chief problem of ventilation is to make 
sure that the tubers, especially those in the center of the pile, will 
receive sufficient oxygen for respiration. This ventilation is ordi¬ 
narily secured by using slated floors and walls and bins of the 
proper size. Where tubers are stored in large rooms it may be ad¬ 
visable to use ground floors in order to maintain the proper 
humidity. Concrete drives should, however, be used in order to 
facilitate the movement of potatoes in and out of storage. In fact, 
the arrangement of the potato storage so as to facilitate the move^ 
ment in and out is highly important. Bin loaders are generally 
employed to cut down the cost of handling. 

Potatoes are probably attacked by more insects and diseases than 
any other vegetable. This may be due in part to the fact that they 
are propagated by vegetative means. The cutting of the seed piece 
IS one means of spreading virus diseases. The virus diseases are 
one if not the chief cause for degeneration of potato varieties 
Some of the newer varieties are resistant to one or more of the virus 
diseases. The use of certified seed is the grower’s chief insurance 
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against seed stock which is infected with viruses. Most of the 
fields seeds which are to be certified are inspected several times by 
competent officials and if virus diseases are found in appreciable 
amounts, usually more than 1 or 2 per cent, the fields are rejected 
for certification. The fields are also sprayed and many other pre¬ 
cautions taken to insure the ultimate purchaser a stock which is 
free from the virus diseases. Freedom from bacterial disease and 
fungus diseases is also partially insured by the use of certified seed. 

Virus diseases. Leaf roll. This virus disease produces an upward 
rolling of the lower leaves and a stunting of the plant. The rolled 
leaves are thickened and have a leathery texture due to the accu¬ 
mulation of starch. Severely infected plants frequently produce 
tubers which are internally discolored. This discoloration is called 
net necrosis. 

Mosaic. Mosaic is a virus which includes mild mosaic, rugose 
mosaic, and crinkled mosaic and produces a blotching and mot¬ 
tling of the leaves so that light green areas are interspersed with 
dark green areas in the same leaf. Sometimes the leaves are slightly 
crinkled. Triumph and Green Mountain varieties are especially 
susceptible to this disease. Spindle tuber, as the name indicates, 
produces tubers which are elongated and have conspicuous eyes. 
Sprouts are spindly and the terminal leaves of plants are frequently 
twisted. Plants infected with spindle tuber are smaller in size than 
healthy plants. 

Yellow dwarf. This virus causes tubers to become misshaped or 
badly cracked and the internal tissue often displays brown neu- 
crotic spots. 

Bacterial diseases. Bacterial ring rot {Bacterium sepedonicum). 
This is a relatively new and rather destructive disease which first 
causes chlorosis on the upper leaves and a slight wilting. In the 
advance stages the entire plant is killed. The tubers become 
cracked on the surface and discolored and rotted areas appear in 
the interior. Sometimes the center of the potato disintegrates leav¬ 
ing only the outside shell. The disease apparently does not over¬ 
winter in the soil but is carried on the seed. The main control con¬ 
sists of using certified seed and being especially careful to discard 
all tubers which show even a trace of ring rot. If knives are fre¬ 
quently dipped in acidulated corrosive sublimate solution the 
spread of the disease by cutting knives can be eliminated. Corro- 
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sive sublimate, 1 part to 500 parts of water, should be acidified so 

that the solution tests .2 per cent acid. 

Black leg {Bacillus atrosepticus). This disease produces a soft 

black decay at the base of the stem and at the end of the tuber. Af¬ 
fected plants first become yellow and later wilt and die. The prin¬ 
ciple control is the use of clean seed. 

Bacterial softrot {Bacillus carotovorus). This disease as well as 
Bacillus arroides and Bacillus mesencerties, causes a soft decay of 
the tubers. The rots are especially bad in wet soil or in badly 
bruised or skinned potatoes which are held in hot or warm storages 
with poor ventilation. If stored in a relatively dry room rots may 
dry completely and the diseased area may be reduced to chalky 
white masses. Control consists of the use of crop rotations, care in 
handling to avoid bruising, the sorting out of injured potatoes, the 
curing with an ideal temperature and humidity, and storage at the 
temperature of from 38° to 40° F. with adequate ventilation. 

Fungus diseases. Late blight {Phytophthora infestans). This fun¬ 
gus produces water-soaked areas on the leaves. It is especially in¬ 
jurious in wet, cool seasons. Tubers are also affected from spores 
which wash down through the soil. The control consists of spray¬ 
ing with Bordeaux every week or 10 days. As indicated previously 
it is necessary to use high pressures and adequate amounts in order 
to get good coverage. Kennebec is a new resistant variety. 

Early blight {Macrosporium solani). This disease causes concen¬ 
tric ring areas on the leaves and is especially injurious during cold, 
wet weather. It may be controlled effectively by Bordeaux sprays. 

Rhizoctonia {Corticium vagum). This disease is commonly des¬ 
ignated as dirt that does not wash off. The affected areas on the 
tubers are only skin deep. However, when infected tubers are 
planted in cold soil the disease develops rather quickly and may 
girdle the base of the sprouts sometimes killing them before reach¬ 
ing the surface. In most instances the sprout is only partially gir¬ 
dled so that it eventually produces a weak, yellowed plant. There 
is no effective control for this disease. Seed planted after the soil 
is warm is seldom attacked by the fungus. Shallow planting and 
planting so that the soil above the seed piece is not hilled up tends 
to warm up the seed piece and prevent the development of the 
disease. Seed treatment for W/^ hours in a 1 to 1000 corrosive sub¬ 
limate solution may partially control the disease. A 1 to 1000 solu- 
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tion can be made by dissolving 4 ounces in 30 gallons of water. 
Hot water should be used in order to hasten solubility. As the 
name indicates the material is corrosive to metals. Treatment 
should, therefore, be made in concrete or wooden containers. 
Other mercury compounds are frequently substituted for the mer¬ 
curic chloride (corrosive sublimate). 

Common scab {Actinomyces scabies). This disease causes irregu¬ 
lar shaped russet lesions on the surface. These lesions are deeper 
than those caused by rhizoctonia (scurf). Treatment with mercuric 
chloride is frequently recommended but it is not effective. If the 
acidity of the soil pH is adjusted to 5 or 5.2 the disease can be held 
in check (Figure 78). 

Wilt {Fusarium sp). Several Fusariums attack potatoes when 
growing in the field and several more cause storage rots. Those 
growing in the field inflict the greatest damage. The disease can 
be identified by discoloration of the water-conducting tissues at 
the stem end of the potato. The most effective control is the use 
of certified seed known to be free from the disease. It causes its 
greatest damage in warm weather. A similar disease known as Ver- 
ticillium albo-atrum, affects potatoes during cool weather. The 
control of this is the same as for fusarium wilt. 

Powdery scab {Spongospora subterranea). This disease causes 
circular lesions filled with a brown powdery mass of spores. Con¬ 
trol consists of adjusting the pH to 5 to 5.2 and growing the po¬ 
tatoes on well-drained soil. Long-time rotations are also helpful. 

Physiological disorders. Blackheart. Blackheart is caused by sub¬ 
oxidation. Whenever potatoes are stored in piles so that the air 
cannot get to the center of the pile this condition is likely to result. 
The higher the temperature the more favorable the conditions for 
the production of blackheart. Even with the temperature at 38° 
or 40° it is not safe to store potatoes so that the center of the pile is 

more than 4 feet from any surface. 

Freezing injury. Slight freezing injury is often confused with 
Fusarium and neucrotic conditions caused by viruses because the 
first tissues that freeze are the fibro-vascular bundles which contain 
less sugar than the surrounding tissues. Slightly frozen tubers may 
therefore be partially identified by the discoloration of the fibro- 
vascular tissue. If the temperature becomes colder the entire tuber 
freezes and upon thawing may present a cheeselike appearance, 
and later the tissue breaks down into slimy, watery masses. Po- 




Fig. 78. Pitted scab. 
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Fig. 79. Dry rot. 
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tatoes start to freeze under usual conditions at 29° F. However, if 
the tubers are not disturbed it is possible to subject them to tem¬ 
peratures as loAv as 25° without freezing. This is called under cool¬ 
ing. If such tubers are jarred suddenly the whole area will freeze 
quickly. 

Enlarged lenticels. Sometimes the breathing pores (lenticels) on 
the tubers become enlarged. This is usually caused by excessive 
amounts of moisture. Water should not be applied after the vines 
are dead as water so applied may aggravate this condition. 

Tip burn. This is a condition usually caused by the leaf hop¬ 
pers; however, during extremely hot, dry weather a physiological 
tip burn may work even though leaf hoppers are not present. This 
physiological desiccation of the edges of the foliage is presumably 
caused by excessive transpiration. An adequate supply of moisture 
\vould obviously help control physiological tip burn. Control for 
hopper burn is discussed under the paragraph on leaf hoppers. 

Hollow heart. Hollow heart is a condition brought about by a 
very rapid growth. It is more prevalent with some varieties than 
with others. The control consists of planting the seed pieces closer 
together so that excessively large tubers are not produced. A cer¬ 
tain amount of control can also be secured by removing the foliage 
at the time hollow heart starts to appear. Dusting with cyanamide 
and weed killers has frequently been recommended. However, this 
practice actually reduces the yield and is much less desirable than 

the control effected by closer planting. (See Figure 80.) 

Greening. This is caused by the tubers’ being exposed to direct 
sunlight. Some varieties, as for example, Katahdin, produce tubers 
very near the surface of the soil. In order to prevent sun burning, 
it is, therefore, necessary to hill up this variety more than some 
other varieties. The green pigment is caused by solanin which is 
slightly poisonous and has a bitter flavor. Green areas should, 
therefore, be trimmed off before the tubers are prepared for cook¬ 
ing. Normal potatoes contain a slight amount of solanin most of 

which is concentrated in the peel. 

Growth cracks and secondary growth. Growth cracks and sec¬ 
ondary growths are usually assumed to be caused by uneven or 
unfavorable growing conditions. The secondary growth is usually 
formed following periods when the skin is almost matured during 
dry weather. The area around the eye is the last to mature and 
when favorable growing conditions are provided after the tuber 
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Fig. 80. Hollow heart. 
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Fig. 82. Air cracks. 



Fig. 83. Growth cracks. 
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is almost mature the growth is resumed around the eye forming 
knobs which in some cases may be almost as large as the ongina 
tuber. Some varieties form secondary growths much more readi y 
than others. The Early Ohio is susceptible to this type of malfor¬ 
mation. If discovered in time the vines may be killed as recom¬ 
mended for the control of hollow heart; or if the potatoes are to be 
used for early potatoes they may be dug immediately, thus the crop 
can be salvaged before the secondary growths cause badly mal¬ 
formed tubers. (See Figures 81, 82, and 83.) 

Net necrosis. This necrotic condition causes discolored areas 

near the surface of the tuber and in the fibrovascular bundles and 
is caused by high temperatures. Whenever the temperature of the 
tuber gets above 92° F. net necrosis is likely to appear. It may ap¬ 
pear in the soil before the tubers are dug, especially after the fo¬ 
liage is dead and the surface of the soil becomes excessively warm 
or it may form if the potatoes are dug during hot weather. For 
this reason if the crop is harvested when the temperature is above 
92° F. it is essential that the tubers be picked up within an hour 
after they are dug. Net necrosis may also be caused by virus dis¬ 
eases. 


Immaturity. If tubers are dug before the skin matures it will 
slough off readily. Evaporation proceeds rather rapidly through 
the broken skin and the tubers are very likely to wilt. If ex¬ 
posed to a moist atmosphere at high temperature they may become 
contaminated with fungus diseases. The remedy is to handle the 
immature potatoes as carefully as possible and if feasible expose 
them to a temperature between 60° and 70° where the relative hu¬ 
midity is from 80 to 90 per cent so that new skin will form. 

Insects. Leaf hopper {Empoasca fabae). This insect which is pale 
green and about one-tenth of an inch long probably causes more 
damage than any other insect. It sucks the sap from the leaves and 
spreads virus diseases. As the sap is extracted from the leaf the 
margins turn brown and die. This injury is called tip bum or 
hopper burn. The nymphs cause far more damage than the adults. 
The standard control is a 4-4-50 Bordeaux mixture or similar 
formula. The copper from the Bordeaux is absorbed by the plants 
and finally kills the leaf hoppers. This, however, is a rather slow 
process. More recently, much better control has been secured by 
the use of DDT at the rate of 1 pound of 50 per cent wetable pow¬ 
der and 4 pounds of fixed copper to each 100 gallons of water. 
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Miriam P. Palmer, Colorado A & M College 

Fig. 84. Colorado potato beetle {Leptinotarsa decemlineata Say): (1) adult, 
(2) egg mass, (3) larva, (4) pupa. 


DDT added to 4-4-50 Bordeaux is equally effective. Arsenicals 
can also be added for the control of chewing insects. 

Colorado potato beetle {Leptinotarsa decemlineata) (See Figure 
84.). This insect is about three-fourths of an inch long and has ten 
black stripes running lengthwise over its yellow hard wing covers. 
The soft-bodied larvae of this insect cause the greatest damage by 
eating foliage. It is easily controlled by placing calcium arsenate 
in the Bordeaux at the rate of 2 pounds to 50 gallons. 

Flea beetle (Epitrix cucumeris). This flea beetle is a black, 
shiny, hard-shelled beetle about one-sixteenth of an inch long. It 
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eats small holes through the leaves and can be controlled by the 
use of arsenicals as is the case for the Colorado potato beetle. Bor¬ 
deaux mixture is a repellent but most authorities agree that addi¬ 
tions of arsenicals are necessary for effective control. The Green 
Mountain variety is much more susceptible to the attacks of this 
insect than most other varieties. 

Potato aphids {Macrosiphum solanifolii). This plant louse which 
has either a pink or a green body color may work either in the wing 
or wingless form. It feeds by sucking the juices from the under 
surface of the leaves and causes the leaves to curl downward. The 
insect lays its overwintering eggs on roses. Ordinary aphids do 
not cause excessive damage on potatoes; however, outbreaks oc¬ 
casionally become very severe in which case a spray of nicotine sul¬ 
phate is recommended. 

White grubs {Lachnosterna sp). The larvae of the May beetle is 
known as the white grub. There are many species and the grubs 
are especially numerous in fields which have been in sod for sev¬ 
eral years. For this reason potatoes should never follow sod even 
if further investigation reveals there are very few grubs in the sod. 
The same is true of wireworms. If it is necessary to use sod land 
some of the grubs may be killed by fall plowing. Ethylene Di¬ 
bromide is a fairly effective control. 

Wireworms. Several species of this insect which is the larvae of 
the click beetle often cause a great deal of damage when potatoes 
are grown on soil which has been in sod for several years previous 
to potatoes. The life cycle time of this species varies from three to 
five years. The larvae is one-fourth to one inch in length depend¬ 
ing upon its age. As indicated under the discussion on white grubs 
the control consists in not including sods in the rotations immedi¬ 
ately preceding the potato crop. In this case also Ethylene Di¬ 
bromide is a fairly effective control. 

Stalk weevil {Trichobaris trinotata Say). This small snoot beetle 

about one-sixth of an inch in length is black and there are three 

black spots at the base of the wing covers. The larvae tunnel into 

the center of the stalk and if five or six individual larvae are found 

in a stalk they may kill the plant. The insects are worse on early 

potatoes. Control consists largely of plowing under the vines as 

soon as the crop is harvested so that the insect is smothered. The 

destruction of solanaceous weeds on the border of the fields is also 
helpful. 
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Fig. 85. Rodent injury. 


Scab gnat {Epidapus scabiei Hopk). The larvae of this insect 
measure about one-sixth of an inch in length and as the name indi¬ 
cates the adult resembles a wingless gnat. The injury is often mis¬ 
taken for ordinary scab but the lesions are usually deeper. 

The control consists of carefully discarding all tubers which are 
infected so that the insect will not multiply in storage. Long-time 
rotations are also recommended. 

* 

Rodent injury is shown in Figure 85. 

REVIEW QUESTIONS 

1. What is the optimum temperature for potato production? 

2. What factors influence the shape and smoothness of tubers? 

3. How would you adjust your spray program for an early crop of 
potatoes about to mature during a severe drought? 

4. Why are most of the certified seed potatoes produced in the 
northern states of the United States? 

5. What cultural practices would you adopt in order to reduce the 
percentage of hollow potatoes to a minimum? 

6. Is green sprouting advisable? 

7. When and how would you irrigate potatoes? 
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8. Describe two methods of breaking the rest period of potato 

9. What machinery is necessary for the economical production ol 
potatoes? 

10. How much would this equipment cost? 

11. What kind of storage should be provided? 

12. How do low temperatures (32° F.) affect the cooking qualities 

of potatoes? ^ . 

13. What packages do you think should be used in marketing pota¬ 
toes? 

14. How soon should tubers be picked up after digging? 

15. Name and describe the parts of the potato tuber, flower, and 

foliage. . . n j 

16. How does the length of day affect tuberization, flower produc¬ 
tion, and vegetative growth? 

17. Explain the importance of apical dominance. 

18. What precautions would you take to control insect and disease 

pests of potatoes? 

19. Name and give control measures for seven pathological diseases, 
three physiological disorders, and five insect pests which attack potatoes. 
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chapter 17 

Sweet Potato, Yam, Taro, and Dasheen 



The sweet potato (^Ipomoea batatas) belongs to the Convolvula- 
ceae or morning glory family and is a dicot. The true yam {Diosco- 
rea sp) includes some 250 species of climbing vines with under¬ 
ground tubers. They are all monocots. The taro (Colocasia sp) 
which includes the dasheen {Colocasia esculenta) is also a monocot. 
All are grown in tropical countries and do not withstand frosts. 
The moist-fleshed sweet potatoes which owe their characteristics 
to a large percentage of dextrins are commonly and erroneously 
called yams. However, as already indicated, the true yam belongs 
to the genus Dioscorea. Sweet potato roots do not have a dormant 

Sweet potato. The sweet potato is grown extensively in the 
southern part of the United States and is, in fact, preferred to the 
Irish potato. Table 25 gives an estimate of the annual acreage 
production and value of sweet potatoes in the United States from 
1934 to 1945 inclusive. The sweet potato is a native of tropical 
America and produces blossoms only with short days. When grown 
in northern latitudes it requires at least four months in which to 
reach edible maturity and never produces blossoms because of the 



long daylight periods which prevail during the growing season. By 
growing sweet potatoes as a winter crop in the southern states and 
by notching the lower portion of the plant sufficient carbohydrates 
accumulate to produce flowering. Under these conditions hybrids 
can be made which lead to many varieties. However, vegetative 
mutants frequently occur with the sweet potato and a number of 
new varieties have arisen in this manner. This is in striking con¬ 
trast to the Irish potato where practically all new varieties have 
been produced as a result of sexual hybrids. 

Plant characteristics. The sweet potato is a prostrate, trailing, 
perennial plant, grown as an annual in the United States. It is a 
member of the morning glory family, of tropical origin, and grown 
for the enlarged fleshy roots. Since the plants are propagated asexu- 
ally and transplanted into the field, the characteristic root system 
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develops from the adventitious roots on sprouts or vine cuttings. 
One method of obtaining plants asexually involves the selection 
of disease-free and medium size roots and these roots are placed 
in hotbeds and covered lightly with sand. With this method, ad¬ 
ventitious buds are formed and sprouts develop from these buds. 
As the sprouts grow and reach a height of 4 to 6 inches, adventi- 

TABLE 25 


Sweet Potatoes: Acreage, Production, and Yield per Acre of 

Leading States and of Total U. S. 


State 

% 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

lO-ycar 

average 

1934-1943 

1 

1945 

lO-ycar 

average 

1934-1943 

1945 

1 

10-ycar 

average 

1934- 

1943 

1945 

Alabama. 

85,000 

75,000 

6 , 548,000 

6 , 375,000 

76 

85 

Georgia. 

108,000 

89,000 

8 , 018,000 

1 

' 8 , 010,000 

1 

74 

90 

Louisiana. 

105,000 

123,000 

: 7 , 352,000 

10 , 824,000 

70 

88 

Mississippi. 

75,000 

68,000 

6 , 499,000 

6 , 936,000 

86 

102 

N. Carolina. 

82,000 

66,000 

8 , 235,000 

1 

7 , 260,000 

101 

no 

S. Carolina. 

61,000 

62,000 

5 , 119,000 

5 , 890,000 

84 

1 

95 

Tennessee. 

49 i 000 

30,000 

4 , 427,000 

2 , 850,000 

90 

95 

Texas. 

58,000 

52,000 

1 

4 , 318,000 

4 , 524,000 

74 

87 

Virginia. 

34,000 

1 

31,000 

3 , 801,000 

3 , 441,000 

113 

111 

United States. 

796,600 

709,100 

67 , 059,000 

66 , 836,000 

84.2 

94.3 


tious roots arise from the underground portion of the sprout. As 
soon as these roots are formed, the rooted sprouts are removed 
from the hotbed and planted in the field. From the underground 
portion of the sprout many lateral roots arise during the early stage 
of growth. With the development of the roots, 12 to 20 lateral 
branches arise from the short main stem. Two types of develop¬ 
ment of the above-ground portion in regard to length of these 
lateral branches are recognized, the long vine types and the short 
compact types which differ primarily in the length of the inter- 
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nodes, with the number of nodes being approximately the same 
in both. Within 60 to 75 days after planting in the field, 10 to 15 
of the lateral roots begin to enlarge and these roots increase in 
diameter. At this stage of development of the plant, the root sys¬ 
tem is very extensive. This partially explains the fact that sweet 
potatoes can withstand extended dry periods. The lateral stem 
branches which arise from the short stem are usually not branched. 
The leaves are borne on rather long petioles, are palmately veined, 
and may be slightly or deeply lobed depending upon the variety. 
The sweet potato seldom flowers in the United States, except in 
the extreme southern sections. The flowers may occur singly or in 
an inflorescence of 5 or 6 and are borne on a stout peduncle. The 
flowers are typical of the morning glory family, and are reddish to 
purple in color. The fruit is a round pod that contains from 1 to 4 
flattened, hardcoated, angular seeds. 

Cultural practices. The sweet potato can be propagated from 
slips produced from roots, from vine cuttings, by division of the 
root, or by seed. The common method of production in tlie north¬ 
ern tier of states is by slips from the roots. It requires approxi¬ 
mately 8 bushels of seed roots in order to produce enough plants 
at the first pulling to plant an acre. In localities farther south sev¬ 
eral pullings can be made so that 4 or 5 bushels are adequate to 
plant an acre. In southern sections vine cuttings are used to some 
extent. The early start is usually secured from the root slips and 
later planted from the vine cuttings. Vine cuttings, if carefully se¬ 
lected, may be freer from seed disease than root slips because the 
root slips can be contaminated with some of the diseases which 
are carried over on the roots. 

It requires from 20 to 24 square feet of bed space per bushel to 
bed the seed roots. Usually small, elongated roots from strains of 
potatoes known to be highly productive are used as these slips are 
simply less mature potatoes and have the same yielding potentiali¬ 
ties as the larger roots. They are usually planted in hot beds where 
some bottom heat can be supplied and if sand or old sawdust is 
used there is less likelihood of loss from disease than where soil is 
used. Moreover, the root system is more profuse and less likely to 
be broken up at the time the slips are pulled if they are bedded in 
sand or sawdust. It ordinarily requires about 6 weeks from the 
time of bedding until the first plant can be pulled. 

The plants are generally set from 18 to 30 inches apart in rows 
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which are 2i/^ to 3 feet apart. The rows are thrown up into ridges 
4 to 6 inches in height to facilitate digging. If the ridges are not 
too high the plants may be set by transplanting machinery. Hand 
setting is, however, commonly employed in the southern section 
and spades, tongs, and notched sticks are instruments used for set¬ 
ting plants. If ridge culture is followed the ridges should be estab¬ 
lished 2 or 3 weeks prior to the time the plants are set so that the 
soil will be well moistened at the time of planting. If the plants 
are set on level ground the ground is usually plowed only to a 
depth of from 4 to 6 inches to keep the roots near the surface of 
the soil where they can be dug more easily. During the growing 
season the crop is given sufficient cultivation to control weeds. 
Generally, additional soil is thrown up toward the ridge in order 
to cover weeds which grow near the surface. Some growers still 
barr off a portion of the ridge when the plants are small. This 
merely consists of tearing down the two sides of the ridge and as 
soon as the weeds have been killed the soil is again brought back 
to the ridge. If the vines are trained in the row early cultivation is 
facilitated. However, movement of the vines is definitely injurious 
and vine pruning reduces the yield even more than does training 
the vines in rows. In dry seasons the level ground ordinarily pro¬ 
duces larger yields and in wet seasons the ridge culture may pro¬ 
duce more sweet potatoes which have a drier texture and are per¬ 
haps a little less susceptible to storage rots. Vine pruning reduces 
the yield of marketable roots. 

Fertilizers. Most sweet potatoes are grown on sandy or sandy 
loam soils. Although excellent results have followed the use of 
well-rotted manure commercial fertilizers are applied in ever in¬ 
creasing amounts. Any deficiency which limits production is likely 
to result in an elongated and poorly shaped root. However, an ade¬ 
quate supply of potassium is generally assumed to be necessary for 
the production of chunky roots and a long storage life. On sandy 
soils a 4-10-6, 4-8-8, or 6-8-6 fertilizer is frequently used at the 
rate of from 500 to 1000 pounds per acre or more. For silt-loam 
soils, fertilizers containing a little more phosphorus such as a 
2-12-6 or 4-16-4 may be used. 

Varieties. Thompson and Beattie have provided the following 
classification of sweet potatoes. The important varieties are in¬ 
cluded after each of the group descriptions. 
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I. Leaves deeply lobed or parted (A and B). 

A. Leaves with deep purple stain at base of leaf blade, Ticotea 

group. 

B. Leaves without purple stain at base of leaf blade, Belmont 

group. 

II. Leaves not deeply lobed or parted (A and B). 

A. Leaves with purple stain at the base of leaf blade (1 and 2). 

1. Stems purple or greenish with a decided tinge of purple, 

Spanish group. 

2. Stems green (a and b). 

a. Leaves entire to slightly shouldered; roots white, Shang¬ 

hai group. 

b. Leaves toothed with six to ten low, marginal teeth, or 

entire; roots salmon or yellow tinged with salmon, 

Florida group. 

B. Leaves without purple stain at the base of the leaf blade 

(1 and 2). 

1. Stems purple. Southern group. 

2. Stems green (a and b). 

a. Stems medium to large in size; roots fusiform, yellow 

tinged with salmon with light yellow veins, Pumpkin 

b. Stems slender; roots russet, yellow, or red, ovoid to 

fusiform, Jersey group. 

Ticotea group: Ticotea and Koali Sandwitch varieties belong to 
this group and neither are important. 

Belmont group: Belmont and Vineless Pumpkin Yam are the 
two leading varieties belonging to this group. 

Spanish group: Pierson, Yellow Strasburg, Bermuda, Red Ber¬ 
muda, Puerto Rico, Yellow Spanish, Triumph, Red Spanish, and 
Purple Yam are the most important varieties. 

Shanghai group: Florida, Nancy Hall, and General Grant Vine¬ 
less are the most important varieties belonging to this group. 

Southern queen group: The White Yam and Southern Queen 
are the only two varieties in this group and the former is of little 
importance. 

Pumpkin group: Pumpkin Yam, Norton, Dooley, and White 
Gilke are the only varieties belonging to this group and Pumpkin 
Yam and Dooley are of the most importance. 

Jersey group: Red Jersey, Big-stem Jersey, Yellow Jersey and 
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Gold Skin are the most important varieties in this group. Some of 

the good varieties are described as follows by Thompson and 
Beattie. 

Yellow Jersey: Vines small, slender, long, from 6 to 12 feet; 
stems green, hairy, often fasciated; leaves shouldered or entire, 
hairy only on the upper surface, green; petioles green and hairy; 
roots dark russet-yellow, long or short, fusiform to globular or 
ovoid (two types known on the market, one long fusiform and an¬ 
other very short), smooth or veined; small to medium in size; sea¬ 
son medium; flesh yellow. When baked, very dry and mealy, fairly 
sweet; texture quite firm. 

Big-stem Jersey: Vines moderately large growing long, from 6 
to 12 feet; stems green and hairy; leaves shouldered or entire, hairy 
above and smooth beneath, green; petiole hairy and green; roots 
russet-yellow in color, smooth and regular, long fusiform, may be 
veined or smooth, small to large in size, but larger than Yellow 
Jersey or Red Jersey: season medium to late; fle.sh yellow. When 
baked sweet, dry, and mealy; texture firm. 

Nancy Hall: Vines medium in length, from 4 to 8 feet; stems 
somewhat hairy and green; leaves toothed or entire with from 4 to 
10 low marginal teeth, hairy on the upper surface and slightly 
hairy or smooth beneath, green except for a reddish-purple stain 
at the juncture of the blade and the petiole, the latter slightly 
hairy, green except at the upper end; roots yellow, tinged more or 
less with salmon, veined or smooth and regular, fusiform, medium 
to large in size; season early; flesh dark yellow, tinged with salmon. 
When baked, very sweet, moist, and soft in texture; good quality. 

Puerto Rico: Vines medium to long, from 5 to 10 feet; stems 
coarse, internodes short, reddish-purple in color, hairy (especially 
at the nodes and on young growth); leaves shouldered, large in 
size, green except for a purple stain at the base of the blade and 
on the veins, slightly hairy on the upper surface, smooth below; 
petioles medium long, from 5 to 8 inches, reddish-purple in color, 
deeper at the base of the leaf blade, color extends to the veins on 
the lower side of the leaf and also deeper at the base of the petiole, 
roots light rose to rose in color, fusiform to globular and irregular 
in shape, smooth; flesh orange-yellow to salmon, but dark yellow 

when baked; moist, very sweet, good quality. 

Triumph: Vines coarse and vigorous, short, from 2 to 4 feet, 
bushy; leaves shouldered, large and thick, hairy on veins of upper 
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surface, smooth beneath; petioles green with purple stain at the 
base of the leaf blade and extending up the veins on the under sur¬ 
face of the leaf; roots medium to long cylindrical in shape, light 
yellow to russet-yellow in color; flesh light yellow, but creamy 
yellow when baked, medium moist to dry, fairly sweet, and firm in 

texture. 

Southern Queen: Vines large and vigorous, long, from 6 to 12 
feet; stems dull purple, slightly hairy (especially at the nodes and 
on new growth); leaves shouldered or entire, slightly hairy above, 
green; petiole nearly smooth, greenish-purple. Roots white or light 
yellow, sometimes very slightly tinged with pink, smooth and reg¬ 
ular, few or no veins, fusiform, globular, or ovoid, medium to 
large; season medium; flesh light yellow. When baked, sweet, 
moist, and soft in texture. 

Dooley: Vines long to very long, from 10 to 15 feet; stems green, 
slightly hairy (especially at nodes); leaves shouldered or often en¬ 
tire, green in color, hairy above and smooth beneath; petioles 
green, hairy; roots large in circumference, short, fusiform, yellow 
to salmon in color; flesh dark orange. When baked, soft and sweet, 
squashlike. 

Pumpkin Yam: Vines moderately large growing long, from 6 to 
12 feet; stems green and hairy; leaves low, shouldered, hairy only 
on the upper surface, green; petioles green and hairy; roots yellow, 
tinged with salmon, mostly irregular with prominent light yellow 
veins, some smooth and regular with few or no veins, fusiform, me¬ 
dium in size; season late; flesh dark orange-yellow. When baked, 
very sweet, moist, and soft in texture. 

Red Jersey: Vines low and slender in growth, long, from 6 to 
12 feet; stems green and hairy (especially at the nodes); leaves 
shouldered, often entire, hairy on the upper surface and smooth 
beneath, green; petiole green and hairy; roots red in color, fusi¬ 
form or spindle-shaped, smooth and regular or veined to some ex¬ 
tent, small to medium in size; season medium; flesh yellow. When 
baked, fairly sweet, very dry, and mealy; firm in texture. 

Gold Skin: Vines medium to long, from 6 to 10 feet, slender, 
hairy (especially at nodes), green in color; leaves shouldered or 
entire (both forms may be found on the same vine), light green, 
hairy above and slightly hairy beneath; petioles short, slender, 
hairy, and green except for a slight tinge of purple at the base of 
the leaf blade; roots dark russet-yellow, fusiform, smooth, and 
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regular; season medium; flesh salmon, but a dark yellow when 
baked; medium dry and mealy, very sweet; texture firm. 

Belmont: Vines slender and low, long creeping, from 6 to 12 
feet; stems light green and hairy; leaves five-parted with basal lobes 
inclined to shoulder, hairy above and on the veins beneath, light 
green, petiole hairy and green; roots dark yellow with prominent 
light yellow veins, fairly smooth and regular, long fusiform, me¬ 
dium in size; season late; flesh golden-yellow, but dark yellow 
when baked; sweet, moist, and soft in texture. 

Harvesting and storage. In the northern tier of states the vines 
are practically always killed by frosts. As soon as the vines are 
frosted they should be cut off in order to avoid the translocation 
of toxins which are produced by the dead vines downward into 
the roots. If the vines have not been killed by frost and cut it is 
necessary to cut the vines at least on one side of the row before 
the roots can be dug. This may be accomplished by using a rolling 
colter on the beam of a small moleboard plow. A large turn plow 
or middle buster may also be used. Machine diggers with the rods 
protected with rubber cushions may also be used. After the pota¬ 
toes have been dug they are usually allowed to lie on the ground 
long enough to dry. They should then be gathered and the cut 
roots set aside for immediate consumption. Before selling it is nec¬ 
essary to grade them according to established government stand¬ 
ards. Before the sweet potatoes are placed in storage they are usu¬ 


ally cured by placing them in a well-ventilated place where the 
temperature can be held at from 85° to 90° F. This period usually 
lasts from 10 days to 2 weeks. It is essential to ventilate properly 
and raise the temperature by means of heat in order to lower the 
humidity sufficiently for proper curing. After the roots have been 


subjected to the curing process they are usually graded, packaged 
(bushel hampers are commonly used), and placed in storage. The 
storage should be maintained at a temperature of 55° F. and the 
relative humidity kept at approximately 80 or 85 per cent. During 
the storage period sweet potatoes lose considerable weight and this 
may be as low as 9 per cent for a 50-day storage period or as much 
as 15 per cent for a 164-day storage period. This loss in weight is 
due almost entirely to respiration or the consumption of carbo¬ 
hydrates as the moisture content of the roots is approximately the 
same in the end as in the beginning of the storage period. During 
the storage period there is an increase in the sugar content. The 
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sugar content of the so-called dry-fleshed varieties is less than the 
so-called moist-fleshed varieties. It was previously explained, how¬ 
ever, that the moisture content of the two varieties is approxi¬ 
mately the same and the difference in texture is due to the differ¬ 
ence in amount of dextrin in the moist-fleshed varieties. Large 
quantities of sweet potatoes should be stored in specially con¬ 
structed storage houses where the temperature and humidity can 
be carefully regulated. Smaller quantities can be stored under 
similar environmental conditions with very good success. If the 
roots are covered with dry sand the excessive moisture loss can be 
prevented. Pit storage is the least desirable of all methods and the 
average loss from this method of storage is usually about 30 per 
cent. If pits are used precautions should be taken to prevent the 
condensation of moisture as explained in considerable detail in 
the chapter on storage. Small storage houses can be heated with 
small sheet iron, wood-, or coal-burning stoves. Oil stoves may also 


be used although they are not entirely satisfactory because of un¬ 
desirable fumes. Larger houses should be heated by hot water or 
steam heat although hot air furnaces are sometimes used. 

Insects and diseases. Black rot {Ceratostomella fimbriata) is one 
of the most destructive of all fungus diseases attacking the sweet 
potato crop. If the seed or the hot bed is infected, the disease may 
be carried to the field by the slips. For this reason vine cuttings 
are preferred in some sections of the South. In order to eliminate 
contamination from the seed stock only disease-free roots should 
be used and they should be treated by immersing them for 10 min¬ 
utes in a solution of borax made by dissolving 6 pounds in 30 gal¬ 
lons of water or by treating them for 10 minutes in a solution of 
mercuric chloride which is made by dissolving 1 ounce in 8 gallons 
of water. The mercuric chloride, commonly called corrosive sub¬ 
limate, should first be dissolved in a small quantity of warm water 
and placed in wooden or concrete containers. The borax solution 
need not be renewed, however, the corrosive sublimate solution 
must be replaced after several batches have been treated. For this 
reason, the borax treatment is coming into more general use. Rins¬ 
ing after treatment is not necessary. The frame work of the hot 
bed should be specially treated with the borax solution or with the 
formaldehyde solution, 1 pint of formaldehyde to 30 gallons of 
water. The sand used in the hot bed should be from uncultivated 
ground where sweet potatoes have never been grown. The sweet 
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potatoes should not be grown on the same ground oftener than 
once in 3 or 4 years. Sweet potatoes should never be washed after 
placing them in storage and diseased roots should never be placed 
in storage. If some get in by mistake the spread of the disease can 
partially be held in check by making sure that the relative hu¬ 
midity never gets above 85 or 90 per cent. 

Stem rot {FusuTiuTn butatatis and FusoTiuin hypcToxyspovum'^ 
usually causes as much damage as the black rot disease. The prin¬ 
ciple control consists in selecting roots from healthy hills. By care¬ 
fully selecting the seed stock in this manner the disease can be ef¬ 
fectively controlled. If the seed stock quality is dubious the disease 
can be detected by cutting horizontally across the stem end. A 
black discoloration of the tissue about one-fourth of an inch from 
the surface of the roots indicates possible contamination by Fu- 
sarium disease. Such roots should be destroyed. The disease lives 
in the soil for many years and hence cannot be completely con¬ 
trolled by crop rotations even though disease-free seed is used. 

Soft rot, caused by Rhizopus nigricans, is one of the most de¬ 
structive of the diseases in the storage houses. It produces a soft, 
watery rot and is easily spread from root to root. Infection usually 
starts through wounds so that the most practical control is the elim¬ 
ination of all injured roots. 

Sweet-potato weevil (Cylas formicarus) is a slender-snout beetle 
about one-fourth of an inch long. The larvae tunnel through the 
vines to the roots causing the vines to die. The only control meas¬ 
ure known is clean cultural practices. 

Yam. Many of the two hundred species of yams produce edible 
tubers and in some tropical countries constitute one of the prin¬ 
ciple human foods. The vines of the true yams are climbing and 
twining, whereas the ordinary sweet potato vine does not climb. 
The flesh of most yams is white though a few are purple and yel¬ 
low. The flesh resembles the Irish potato in taste and texture more 
than it does the sweet potato. Some of the most important species 
include Dioscorea alata, D. esculenta, D. latifolia, and D. roten- 

data. 

Yams are planted in the spring by dividing the crowns of the 
underground tubers although any part of the tuber may be used. 
The crown produces more plants but is usually inferior in table 
quality to the lower part of the tubers. Hence the lower part is 
eaten and the upper part is used for propagation purposes. Some 
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yams produce aerial tubers in the axils of the leaves. These rnay 
also be used for propagation but they are smaller in size and less 
satisfactory. The tubers are usually planted about 2 or 3 feet apart 

in holes or trenches. 

Fertilizers. Decayed vegetable matter placed in the trenches or 
holes increases the yield. A 6—6—8 fertilizer Has been recommended 

at the rate of about 2 or 21/^ ounces per plant. 

Harvesting and storage. The crop is harvested with spades about 

the time of the first killing frost. Care is used so not to injure the 
tubers in digging as they are brittle and consequently break and 
bruise very easily. If the sun is shining they should be allowed to 
lie in the sun until they are slightly dried and then stored at a 
temperature of from 55° to 60° F. with a humidity of 80 or 85 per 

cent. 

Taro. The taro is also a monocot producing edible corms. The 
most popular of the taros is the dasheen (Colocasia esculentoL) 
which is grown extensively in the tropical countries and propa¬ 
gated in much the same manner as the yam. The corms are also 
forced and the sprouts used very much the same as asparagus. 


REVIEW QUESTIONS 

1. Distinguish between a yam, a moist-, and a dry-fleshed sweet 
potato. 

2. How is the sweet potato propagated? 

3. Describe sweet potato flowers. 

4. When do the plants bloom? 

5. What factors limit seed production? 

6. What type of root may be expected in heavy soils? 

7. Do sweet potato roots have a natural dormant period? 

8. Is vine pruning advisable? 

9. Would you select large or small roots for bedding stock? Why? 

10. Are transplanting machines used for setting sweet potato plants? 

11. What changes involving sugars and starches take place in the 
roots during the maturation and storage periods? 

12. To what constituent is the plasticity of moist-fleshed varieties 
due? 

13. Describe the method of curing and storing sweet potatoes. 

14. How much shrinkage may be expected during storage and to 
what process is the greatest amount of shrinkage attributed? 

15. Is starch (in roots) changed to sugar at low temperatures? 
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16. Name the seven major groups into which Thompson classified 
sweet potatoes. 

17. Give control directions for black rot, stem rot, soft rot, and 
mosaic. 
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chapter 18 

Tomatoes, Eggplant, and Peppers 



Tomatoes. Tomatoes and possibly peppers originated in tropi¬ 
cal America, and eggplants presumably originated in India. The 
tomato is the third most important vegetable in the United States, 
its value being exceeded only by potatoes and sweet potatoes. The 
'Iruits contain nearly twenty times as much vitamin A, the same 
amount of vitamin Bj, slightly more vitamin Bg, and over two- 
/ thirds as much vitamin C as oranges in spite of the fact that the 
1 fruits themselves contain on the average of 94.1 per cent water. 
Tomatoes are grown by all types of vegetable gardeners. They are 
indeed popular among home, community, industrial, and farm 
gardeners. More tomatoes are canned than any other vegetable, 
and large quantities are grown in the southern states and in Cuba 
and Mexico for shipment to northern markets during the colder 
months. Tomatoes are the most important crop grown under the 
2400 acres of glass used for forcing vegetables in the United States. 
The acreage, production, and value of tomatoes grown for canning 
and market are shown in Tables 26 and 27. 

Plant characteristics. Tomatoes grown from seed and not trans- 
■^planted have a^fong taproot which grows rapidly and may reach 
a length of 2 feet or perhaps more. However, since most tomato 
plants are transplanted one or more times and the taproot is bro¬ 
ken, the root system appears fibrous with many lateral roots de¬ 
veloping in the upper 8 or 10 inches of the soil. Adventitious roots 
also develop from any portion of the stem when sufficient moisture 
is present. The main stem reaches a height of 1 or 2 feet depending 
upon the variety. Laterals arise from each leaf axil and secondary 
laterals develop from these axils. Glandular hairs are found on the 
stems and the leaves and when ruptured release the oil fluid asso¬ 
ciated with tomato odor and stain. The leaves are alternate and 
pinnately compound. The flowers are borne on a two-forked, 
branched cymose inflorescence. In the large fruited varieties of 
tomatoes the first inflorescence arises from the third node, while 
with small fruited varieties it arises from the sixth node. The pe- 
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TABLE 26 


Tomatoes for Shipment: Acreage, Production, and Yield per Acre 

OF Leading States and of Total U. S. 


State 

Acreage 

Production (bushels) ^ 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-ycar 

average 

1934 - 

1943 

1945 

California. 


34,900 

4,292,000 

6,875,000 

161 

197 

Texas. 

50,820 

107,700 

3,498,000 

8,147,000 

69 

76 

Florida. 

31,990 

, 32,700 

3,440,000 

4,477,000 


137 

New Jersey. 

11,250 

11,500 

2,038,000 

1,610.000 

182 


New York. 

8,350 

9,600 

1,787,000 

1,872,000 

214 

195 

Michigan. 

5,590 

5,400 

880,000 

891,000 

158 

165 

United States. 

205,050 

270,970 

24,093,000 

32,331,000 

117 

119 


TABLE 27 

Tomatoes for Manufacture: Acreage, Production, and Yield per 

Acre of Leading States and of Total U. S. 


State 

Acreage 

Yield per acre 
(tons) 

Production (tons) 

10-ycar 
average 
1934-1943 ! 

1945 

10-ycar 

average 

1934-1943 

1945 

10-ycar 

average 

1934-1943 

1945 

California. 

79,200 

127,000 

6.2 

7.1 

501,600 

1 

901,700 

Indiana. 

85,900 

109,100 

4.7 

4.5 

402,100 

491,000 
! ’ 

Maryland. 

58,400 

45,800 

4.2 

j 

2.6 

238,400 

119,100 

New Jersey. 

33,600 

34,400 

5.7 

3.8 

189,500 

130,700 

New York. 

19,700 

24,700 

7.5 

6.0 

146,100 

148,200 

Ohio. 

22,400 

27,100 

5.7 

7.5 

135,100 

203,200 

United States. 

448,500 

553,100 

1 

4.83 

1 

4.82 

4 

2,168,800 

2,665,200 


duncle is adnate, being united with the stem and for this reason it 
appears that the peduncle arises from the internode. The individ¬ 
ual flower consists of a 5- to 10-parted calyx, which persists to ma¬ 
turity of the fruit; the corolla tube, which is yellow and expands 
at the top into 5 or more lobes; and 5 or more stamens which are 
attached at the base of the corolla and form a cone around the 
pistil. There is an abscission zone formed in the pedicel, and vari- 
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ous environmental factors may cause the flower bud, the flower, 
or the partially developed fruit to drop. The tomato fruit is a 
fleshy berry with from 2 to 10 locules. It is free of stomata. The 
length of the style is influenced by environment as \vell as by 
heredity. It elongates during hot weather and during short days. 
Short styles are preferred for greenhouse tomatoes so that the 
stigma is completely enclosed by the staminal cone, thus facilitat¬ 
ing self-fertilization. The stigma is receptive before the anthers 
dehisce making it possible for plant breeders to emasculate and 
pollinate at the same time. Most of the large-fruited varieties con¬ 
tain from 5 to 10 locules. The tomato has a parietal type of plac- 
entation and a gelatinous pulp completely surrounds the seed and 
Alls the seed cavity. In yellow and pink fruits the epidermis is 
colorless and the carotene (C 4 oH 5 o) and lycopersicin (C 4 oH 5 g) pig¬ 
ments are in the tissue below the epidermis. In orange- and red- 
fruited varieties the carotin and lycopersicin pigments are present 
both in the epidermis and in the underlying tissue. 

Culture. The tomato is a warm-season crop and cannot be grotvn 
in the field until after the frost-free dates. (See map page 18.) The 
greenhouse crop is practically always grown from seed planted in 
sterilized soil. About 10 days after the seed is sown the plants are 
transplanted to flats or pots and grown until they are large enough 
to set in a permanent growing bed. At no time should the plants 
be allotved to become crowded. 

Plants grown for early crop, either in market-gardening or truck¬ 
gardening regions, are grotvn much the same as for the greenhouse 
crop. Four ounces of seed will produce enough plants for an acre. 
Care should be taken that the roots and tops are not injured dur¬ 
ing all handling processes. Injury may introduce several virus dis¬ 
eases into the plant and may cause severe check due to mechanical 
disturbances. Seed sown directly in pots eliminates the necessity 
for some mechanical injury. Moreover, if the ball of earth is re¬ 
moved carefully from the pots, the plants can be set in a perma¬ 
nent growing position with little injury to the tender tops or 
roots. Very small seedlings can be transferred with little injury if 
the transfer is made before the roots begin to branch and if the 
plants are grasped by the cotyledon leaves instead of by the stem 
where plant hairs are bound to be broken thus providing injured 
cells through which disease organisms gain entrance more easily. 

The above-ground parts of plants grown in greenhouses, hot- 
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Fig. 86. Tomato plant-growing equipment. 

beds, or cold frames should be kept dry at all times if this is pos¬ 
sible. By keeping the foliage dry, foliage diseases can be controlled 
to a large degree. The most practical method of keeping the foliage 
dry is to heat the air in plant beds even though the temperatures 
may be high enough for optimum growth. The heated air expands 
and has a greater capacity to absorb moisture. Artificial circulation 
of air is sometimes used, but it is not as practical as the circulation 
resulting from added heat. From 1000 to 1500 seedlings can be 
started in a 17- X 22-inch flat provided the soil has been sterilized 
by steam as described in chapter 13. If these plants are trans¬ 
planted to pots or flats within 4 or 5 days after they have germi¬ 
nated and are grown at proper temperatures, the plants should be 
ready for transplanting to a permanent grotving field or bed 5 or 
6 weeks after the seed has been planted. Tomato plants held 
longer than this period will very likely become stunted and dis¬ 
eased. 

Any one of the methods of heating the hotbeds described in 
chapter 8 can be used for growing tomato seedlings. 

When tomatoes are grown for canning purposes and for the late 
market-gardening and truck-gardening crops it is not essential 
that the crop mature as early and the seed is, therefore, frequently 
sown directly in the field. Small seed germinates poorly and should 
not be used especially when seed is to be sown directly in the field. 
If flea beetles are serious pests, field planting of seed is not likely 
to succeed as well as in areas where these pests are not so common. 

When seed is sown directly in the field, 1 pound of seed per acre 
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is the rate commonly used. Garden seed drills or grain drills with 
adjusted plates are recommended for the direct seeding. The soil 
should be finely pulverized, and seed sown in this manner is usu¬ 
ally planted about 6 weeks before the plants can be safely trans¬ 
planted to the field, in other words, about 6 weeks before the frost- 
free date. (See Figures 5 and 6.) 

Planting distances. The common planting distance for field cul¬ 
ture is 4_fe et by 4 feet, although it may be a little greater on fertile 
soil and a little closer on poorer soil. For the early market garden 
crop, plants are frequently set from 18 to 24 in ches apart in rows 
of from 3 to 5 feet apart. These plants are invariably trained to a 
single stem and staked or trellised. (See Figures 87 and 88.) Fruits 
of staked tomatoes are freer from soil discoloration and from rot 
caused by contact with soils. The first cluster on most tomato 
plants is produced on the main stem, therefore, staked tomatoes, 
set close together, give a greater yield of early tomatoes than to¬ 
matoes set at greater distances and not trained to single stems. 
Stakes 1 inch by 1 inch and up to 5 feet long are usually driven 
into the ground 4 or 6 inches from the plant and in the row so 
not to interfere with cultivation. In supporting the plant, jute 
twine or binder twine is tied to the stake at frequent intervals and 
the plants supported to the stakes by looping the twine under a 
leaf, where it is finally secured, allowing plenty of room for the 
growth of the stem. Unpruned plants can be trained to stakes in 
a similar manner by enclosing all of the foliage in longer loops. 
Care must be taken not to compress the foliage too severely. 

If pruning is practiced, the side shoots should be removed from 
the axils of the leaves when they are no longer than 2 or 3 inches. 
This operation should be done without the transfer of sap from 
plant to plant, otherwise virus diseases are likely to be spread. If 
the small shoots are grasped between the index finger and thumb 
when they are relatively small they can be removed by sudden side- 
wise jerks. Care should be taken not to pull downward as a consid¬ 
erable portion of the epidermal tissue may be torn from the stem 
in this way. If larger shoots are removed, the danger of spreading 
virus diseases is increased, furthermore, these larger shoots have 
already started functioning in manufacturing foods and naturally 
the amount of injury to the plant increases as the size of the re¬ 
moved branches becomes greater. 

Plants should be set so that the roots are in direct contact with 
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Fig. 88. Trellised tomatoes. 
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Fig. 89. To provide more shade for fruits, allow the branches B directly 
above the fruit clusters to develop until two leaves are formed, and then 
remove the terminal bud. .\11 other branches are removed from the leaf axils. 

250 










251 


TOMATOES, EGGPLANT, AND PEPPERS 

well-moistened soil. The roots should never become dry. As al¬ 
ready indicated, however, the tops should be kept dry if possible. 
Transplanting machines are useful in adding water which keeps 
the plants from wilting. It may also contain a starter solution. Two 
pounds of a high-analysis 15-30—15 fertilizer or 4 pounds of a 
6-8-6 or similar low-analysis fertilizer per 50 gallons of water may 
be used for the starter solution on poor soils. These starter solu¬ 
tions often give phenomenal increases in yield. Plants should not 
be transplanted between 11:00 a.m. and_2j00_p.M. on extremely 

hot days. 

Fertilizer. Adequate amounts of phosphorus and potash fre¬ 
quently encourage an early set and an early crop. For an intensive 
market garden, from 1000 to 1500 pounds of fertilizer may be used 
on each acre. For canning-crop production the amount is usually 
reduced to from 300 to 500 pounds per acre and the application is 
made in bands on either side of the row so that the fertilizer is 2 
or 3 inches from the plant and 2i/4 or 3 inches deep. Sulphate ol 
ammonia and cyanamide applied in the bottom of the plowed fur¬ 
rows liberate nitrogen slowly throughout the growing season and 
have increased the yield considerably. The instructions given in 
chapter 5 apply for tomatoes. The amount and analysis which is 
used should be checked by quick chemical tests of the soil, by an 
observation of the type of growth, by keeping a record of the pro¬ 
ductivity of each individual field, and by chemical tests of the plant 
tissue. 

Sandy soils require a fertilizer high in nitrogen, perhaps a 
6-8-6; in addition, sulphate of ammonia or cyanamide should be 
applied in the bottom of the furrow, or if this is neglected it may 
be necessary to make several surface applications at the rate of 
150 to 200 pounds per acre after the vines have set a crop of to¬ 
matoes. 

For light-colored silt loams use a fertilizer higher in phosphorus; 
a 4-16-4 or 2-12-6 is commonly used on this type of soil. For dark- 
colored soils use a 3—9—18 or 0—12—12, that is a fertilizer which con¬ 
tains more potash. 

In the group of states bordering the Atlantic, dolomitic lime¬ 
stone is frequently used to supply magnesium. The hunger signs 
of tomatoes have been rather accurately described in chapter 5. 

Cultivation. Shallow cultivation should be provided with suffi¬ 
cient frequency to kill weeds while they are small. Many weeds 
can be killed by thorough tillage before the plants are set in the 
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field. Deep tillage is often more injurious than no tillage if the 
plant roots have made an extensive growth which is always shal¬ 
low. Three or four cultivations should be adequate in most sea¬ 
sons. A 4- or 6-inch mulch of straw is usually effective in increasing 
yields on well-drained soils. 

Spraying: Fixed copper sprays or dusts should be used to control 
foliage diseases in the plant beds. A dust consisting of 14 pounds 
fixed copper (50 per cent metallic), 14 pounds wheat flour or ben¬ 
tonite, and 72 pounds talc, or a spray made from 4 pounds fixed 
copper (50 per cent metallic) and 8 pounds wheat flour or ben¬ 
tonite to 100 gallons of water is recommended. Zerlate has pro¬ 
vided effective control of foliage diseases, especially early blight, 
in recent tests. 

If flea beetles appear in the plant bed, they should be controlled 
by applying a dust containing 0.75 per cent rotenone. 

If equipment is available, the grower should be prepared to 
spray or dust with from one to four applications (depending on the 
weather and subsequent severity of infection) upon the first ap¬ 
pearance of leaf spot in any quantity. Applications should be 
spaced at 10- to 12-day intervals and should not have to begin in 
the average season before the plants are well-established in the 
field. If the season is wet, then one should be especially watchful 
for the defoliation diseases. The recently inaugurated disease sur¬ 
vey, by pathologists, are helpful in determining when to spray. 

Harvesting: If grown for canning, the fruits should remain on 
the vines until fully ripened, .^t the same time, it is essential to 
harvest the tomatoes as soon as they ripen. The yield is often re¬ 
duced from one-fourth to one-half by careless pickers. Color blind¬ 
ness is one cause for ineffective pickers. During rainy periods the 
tomatoes should be picked twice weekly. During dry periods, once 
every 7 days is sufficient. 

Tomatoes grown by market gardeners are usually picked when 
there is still a little green showing on each fruit, as they are usually 
handled by one or two middlemen before reaching the ultimate 

consumer. 

Tomatoes which are shipped long distances, as for example, 
those shipped from Florida, from California, from Mexico, or 
from Cuba to markets in New York City or other eastern cities are 
usually picked while still green and before red starts to show. 
Considerable skill is required in telling just when these toma¬ 
toes should be harvested. If picked too green they will not ripen 
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properly and if picked too ripe they will not hold up in transit. 

Artificial ripening. Tomatoes ripen best at a temperature be¬ 
tween 70° and 80° F. If the temperature is above 90° F., the red 
“color may gradually fade. This is one reason why tomatoes do not 
ripen properly when the temperature is extremely high. This 
often happens especially on defoliated plants where fruits are not 

protected from the sun’s rays. 

Ethylene gas used at the rate of 1 part to 1000 to 10,000 parts of 
air has been used for ripening tomatoes. It is used but little com¬ 


mercially. 

Grading. Several different grades have been established for to¬ 
matoes. One grade is specific for green tomatoes shipped from the 
South; another is for tomatoes grown by market gardeners; still 
another is for greenhouse tomatoes and there are at least two 
grades for tomatoes grown for canning; one for the ketchup stock 
and other similar stocks and another for canned tomatoes. Grades 
are useful in improving the stock which is sold and in computing 
equitable values to all growers, whether they be members of co¬ 
operatives or whether they sell independently on the fresh market 


or to canners. 

Packing and packages. Tomatoes grown for shipment are fre¬ 
quently wrapped with paper and packed systematically in rows and 
layers by hand. The most popular package for long distance ship¬ 
ment is the lug box. For local market, 8- to 12-quart baskets and 
bushel baskets are commonly used. The greenhouse crop is packed 
8 pounds to the basket. Square-cornered splint baskets and card¬ 
board baskets are used quite generally. The cardboard basket is 
becoming increasingly popular because the new types have no 
metal parts which come in contact with the tomatoes and injure 
the skin. Some growers wax the fruit to prevent wilting and decay. 

^ Storage. Tomatoes do not keep long in storage. Green tomatoes 
should not be stored at a temperature below 50° F. because they 
will not ripen properly. Fully ripened tomatoes can be stored at 
cooler temperatures. 

Disease. The two foliage diseases, Septoria lycopersici and Alter- 
naria solani, are probably responsible for more trouble on to¬ 
matoes grown for canning than any other diseases. Their control 
has already been described in chapter 13. Proper rotation is useful 
in controlling these diseases, and it is also helpful to keep the plant 
foliage dry in the seed bed. A strain of Alternaria frequently at¬ 
tacks the fruits causing blackened areas. Nailhead spot, a similar 
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disease caused by Alternaria, has become quite serious in the 
southern states. Fruit growing on defoliated plants may be se¬ 
verely cracked and sun-scalded. Gray wall and other physiological 
breakdowns may also result from the temperature differences in 
unshaded fruits. 

Fusarium ^vilt (Fusarium lycopersici) is a disease which lives in 
the soil for many years and injures the plant by clogging up the 
fibrovascular bundles. Care should be exercised to follow proper 
rotations and to avoid the introduction of the disease into new 
areas by the use of infected plants. It is rarely carried on the seed. 
The principal control is the use of resistant varieties. 

Bacterial wilt (Bacillus solanacearum) is a disease frequently se¬ 
rious in the southern states and may be carried into the northern 
field by the use of southern-grown plants. Bacterial wilt can be dis¬ 
tinguished from fusarium wilt in that the internal discoloration is 
black and rather slimy rather than brown and dry as is the case 
tvith fusarium wilt. The use of clean seed is the most practical 
control mentioned. Some degree of control has also been secured 
by seed treatment. 

Bacterial spot (Phytomonas versicatoria) is a disease which 
causes characteristic spots on the fruit and sometirhes becomes 
rather serious on the foliage. The lesions on the fruit are elevated 
black spots surrounded by narrow water-soaked zones. The dis¬ 
ease is carried on the seed and this source of contamination can be 
eliminated by seed treatment. 

Late blight (Phytophthora infestans) is the same fungus that at¬ 
tacks potatoes. If introduced from potatoes, it requires about seven 
generations (each generation requires about 3 days) before the dis¬ 
ease becomes destructive on tomatoes. Thereafter the new strain 
can pass from tomatoes to potatoes or from potatoes to tomatoes 
and be extremely destructive. It lives only on live tissue and de¬ 
velops best during moist, cool weather. Control measures are listed 

below. 

1. Fall plowing. 

2. Crop rotations. 

3. Wider spacing of rows to permit a better circulation of the 

air which in turn keeps the foliage drier. 

4. Spraying and dusting. Since Zerlate is effective for Septoria 

and Alternaria but not for late blight, a spray program consisting 
of alternate sprays of Zerlate and basic coppers is recommended. 
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Fig. 90. Dusting tomatoes is essential in preventing early and late blights. 

Since late blight is usually most severe after the foliage is dense, a 
program of three Zerlate sprays followed by two or three basic 
copper sprays is usually effective. If dusts are used, a 10 per cent 
Zerlate and a 7 per cent basic copper dust are applied at least as 
often as the sprays. Dusts are not as effective as sprays. (See Figure 

90.) 

Virus diseases. There are a number of virus diseases which attack 
tomatoes. Western yellow blight is probably the most destructive 
and is carried by the beet leaf hopper. Inasmuch as these hoppers 
migrate in large numbers during certain seasons there appears to 
be no practical control. 

Spotted wilt is another virus disease which causes considerable 
damage in California. It has also been reported in many other 
states and occasionally in greenhouses. This disease is disseminated 
primarily by thrips. The control of thrips is described in chap¬ 
ter 13. 

Mottled mosaic generally does not reduce the yield of tomatoes 
to any appreciable extent. As the name indicates the disease fre¬ 
quently causes the foliage to be mottled with light green areas in¬ 
terspersed with the dark normally colored areas. This mosaic, how¬ 
ever, or a closely related strain may cause the foliage to assume a 
fern leaf or shoestring type of growth. Plants so affected are usually 
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¥ig. 91. Tomato blossom-end rot is a physiological disorder. 


sterile. If the sap from potatoes is introduced into plants already 
affected with mottled mosaic, streak results. Tomato plants affected 
with streak are rarely productive and may be completely killed if 
the disease attacks those gro\\’n in the greenhouse during the fall 
when the light supply is limited. Furthermore, the streak disease 
often causes a dehnite mottling of the fruit which detracts from 
their salability. 

Blossom-end rot is a physiological disease caused by a sudden 
withdrawal of the moisture from the fruit causing the tissue of the 
so-called blossom end of the fruit to break down. Actually, the so- 
(ailed blossom end is the stylar end as the tomato blossom arises at 
the stem end of the fruit. The condition is most likely to occur 
\vhen the water supply is variable, especially if root growth has 
been limited by excessive rainfall early in the season. Under these 
(onditions the meager root system is not able to take up sufficient 
water to supply the plants and fruits upon the sudden arrival of 
hot weather. Blossom-end rot may also be caused by application of 
Bordeaux mixture, tvhich causes undue transpiration or water loss. 
Many secondary organisms enter the diseased area and it is fre- 
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the broken down tissue. (See Figure 91.) 

Insects. Root rot is caused by a nematode {Heterodera radici- 

cola) an animal parasite. It is a warm-season pest and is found quite 
generally in the sandy soils of the South and in the greenhouse soils 
of the North. In the greenhouse it is easily killed by steam steriliza¬ 
tion. (See pages 153-154.) In the South it can be partially con¬ 
trolled by including grass crops and velvet beans in the rotation. 

Flea beetles are black or striped jumping beetles which eat small 
holes in the leaves. They can be controlled by the use of rotenone, 
sprays, or dust. (See page 162.) 

Stalk borers are striped caterpillars that bore within the stalks 
and frequently kill the plants. There is no practical control for this 

insect. DDT is partially effective. 

Corn ear worms are green worms which eat into the tomato 

fruits and produce cavities that are especially injurious because 
the larvae often molts within the fruit. The remaining insect frag¬ 
ment is often discovered by Federal inspectors in tomato products 
and the food is confiscated. There is no practical control. A bait 
made by mixing 1 part of cryolite or Dutox with 10 parts of corn 
meal gives some control when scattered over the plants. DDT has 
been used successfully. 

Horn worms are large green worms with horns on their backs. 
They feed on the foliage and fruits. Usually they can be effectively 
plucked off by hand. If they become exceedingly numerous they 
can be poisoned with a dust made from equal parts of lead arsen¬ 
ate and talc. If the dust reaches the fruit, care must be taken to 
wash the fruit before using. The white egglike cocoons which are 
frequently found on the horn worm contain beneficial parasites 
and care should be taken to avoid destroying worms upon which 
these cocoons are found. (See Figure 92.) 

The control of aphids and cutworms has been discussed in chap¬ 
ter 13. 

Varieties. The Comet, Michigan State Forcing, and similar small 
varieties are used in the eastern and northern part of the United 
States for forcing purposes. In Ohio, Indiana, and Illinois, the 
Globe, Marglobe, and Marhio varieties are used extensively. The 
Earliana, Bonny Best, Valiant, Bounty, Gloriana, and similar va¬ 
rieties are used for the first early market gardening crop. Pritchard, 
Break O’Day, Rutgers, and Marglobe are used extensively for the 
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Fig. 92. Tomato hornworm. 



Fig. 93. Left to Right: Earliana, Bonny Best, Baltimore, and Marglobe 
tomatoes. 


later crop grown by market gardeners and truck gardeners. The 
Baltimore, Rutgers, and Marglobe are used extensively for can¬ 
ning. (See Figure 93.) 

Eggplant. The eggplant is important in China, India, and 
japan but it is not grown extensively in the United States. A total 
of 4050 acres is estimated to have been the 1941 crop. The prin¬ 
cipal producing states are Florida, New Jersey, Louisiana, and 
Texas. All varieties are known under the botanical name of 
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Solarium melongena. The two most cultivated varieties, Black 
Beauty and New York Improved, belong to the botanical name 
esculentum. The serpentine or snake eggplants belong to the 
variety serpentinum and the dwarf eggplants belong to the variety 
depressum. The New Hampshire hybrid variety is a new variety 
which is promising for regions which have a relatively short 

growing season. It resembles Black Beauty. 

Culture. The eggplant requires a very warm season and the 

seedlings should not be set in the open for 2 or 3 weeks after the 
frost-free date in the spring. They are usually set 2 or 3 feet apart 
in rows which are 3 or 4 feet apart. The seed should be sown in 
sterilized soil in the greenhouse 6 to 8 weeks before it is safe to 
set the plants in the open. Four ounces of seed will produce enough 
plants for an acre. Fertilization is about the same as for tomatoes. 

Plant characteristics. Eggplants are usually transplanted and the 
resulting injury to the taproot changes the type of root system to a 
rather fibrous one as is true with tomatoes and peppers. The above¬ 


ground portion of the plant is erect, compact, and well branched. 
The leaves are large, simple, lobed, and the underside of most 
varieties is covered with dense wool-like hairs. The flowers are 
borne singly and are rather large and showy with the corolla pur¬ 
ple in color. The flowers are hermaphroditic and the stamens 
dehisce at the same time the stigma is receptive so that self-pollina¬ 
tion is the rule, although there is some cross-pollinating by insects. 
The fruit is pendant and is a fleshy berry. The color of the mature 
fruits varies from purple, purple-black, yellowish, white, and 
striped, depending upon the variety. The seeds are borne on the 
fleshy placentae and the placentae with the seeds completely fills 
the locular cavity. 

Diseases and insects. Wilt (Verticillium albo-atrum) is one of the 
worst diseases. No practical remedy, except crop rotation, is known. 
Care should be used not to place discarded eggplant tissue in 
manure which will later be spread on the land. Wilt causes typical 
discoloration of the fibrovascular bundles and it is hard to dis¬ 
tinguish from fusarium wilt. 

Phomopsis- blight {Phomopsis vexans) attacks all of the above¬ 
ground parts. The fruits may become completely enveloped with 
the disease. It causes dampening off of the seedlings and brown 
spots on the foliage. The disease can be held in check by spraying 
with an 8-8-100 Bordeaux or dusting with 15-85 copper-lime 
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dust at weekly intervals. Copper-lime dust should also be used 
while the plants are in the seed bed. 

beetle {Epitrix juscula) is the most serious pest on 
^SgP^^rits. It can be controlled by spraying or dusting with rote- 
none as indicated on page 162. Fluosilicates are also effective. 

Harvesting. The eggplant fruits may be used at all stages of 
maturity although some people object to the rather mature seeds 
in the larger fruits. The stem becomes exceedingly woody as the 
fruits become larger and care should be taken to press downward 
on the petiole at the time the fruit is cut in order to avoid injuring 
the roots by partly pulling the plants when the fruits are cut. The 
large calyx and a short piece of the stem are usually left attached 
to the fruit. They are frequently packed in crates and bushel 
baskets. 

Peppers. Peppers, which originated in tropical America, are all 
classed as Capsicum frutescens. The variety grossum includes the 
most of the large sweet peppers. The variety longum includes the 
Long Red, Long Yellow, Chili, and Cayenne peppers. The small 
Red Cluster peppers are classified under the variety fasciculatum. 
The black pepper of commerce comes from the fruit of the tree 
Piper nigrum. Red pepper is produced from the hot peppers 
classified under the botanical varieties longum and fasciculatum. 
The pungency is due to capsaicin (C 18 H 27 NO 3 ). These peppers are 
also used for sauces preserved in brine or vinegar. Paprika is made 
from mild peppers, some of which have been especially bred to 
remove all of the pungent characteristics. The large mild peppers 
are sliced and eaten as a salad. Peppers, especially after they turn 
red or yellow upon ripening, contain as much vitamin C as any 
other vegetable. They are also excellent sources of vitamin A and 
Bo. There were 23,000 acres of peppers grown for the fresh market 
in the United States in 1941. These were grown largely in Florida, 
New Jersey, California, North Carolina, and Mississippi. There 
were 12,730 acres grown for canning and of this acreage 12,000 

were grown in Georgia and California. 

Culture. The culture of peppers is very similar to that of toma¬ 
toes. The blossoms frequently fail to set fruit. Low humidities 
and high temperatures resulting in excessive transpiration are con¬ 
sidered to be responsible for the bud drop. Peppers are a warm- 
season crop and should not be set in the open until all danger of 

frost is past. 
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Plant characteristics. Since 
peppers are usually transplanted, 
the taproot development is 
checked and lateral roots develop 
and make a fibrous type of root 
system. The plants are erect, 
compact in form; and well 
branched. The leaves are gla¬ 
brous, simple, and they vary in 
shape and size with the variety. 

The flowers are borne singly and 
arise from the axils of the branch¬ 
es. Pepper flowers are complete 
and they differ from tomato flow¬ 
ers in that the corolla is rotate 
and purple or white. The fruits 
are a podlike berry borne on a 
short, stout peduncle, and contain from 2 to 4 locules. The seeds 
are borne in compact rows on the hard white placenta on the 
enfolded carpel walls at the stem end of the fruit. Length of day 
does not have a marked effect on their flowering. 

Varieties. The most important varieties of the pungent-fruited 
peppers include Long Red Chayenne, Red Chili, Tobasco, Red 
Cluster, and Cherry. Varieties of sweet peppers include California 
Wonder, Harris Early Giant, Ruby King, World Beater, Ruby 
Giant, Golden Queen, Oakview Wonder, Windsor A, and Wind¬ 
sor B. Pimento is a sweet variety commonly grown for canning. 

Harvesting. Peppers may be harvested while they are still green 
or after they ripen. Most of the peppers turn a brilliant red upon 
maturity, although some are yellow. Peppers for canning must be 
bright red in color. The skin is removed by roasting in oil or by 
flames prior to canning. The fruits are harvested by snapping the 
brittle stems by hand. They may be marketed in bushel and one- 
half bushel hampers and in various other containers. The ripened 
fruits can be kept a maximum of 40 days at 32° F. if the humidity 
is maintained at 95 or 98 per cent. A coating of wax helps to pre¬ 
vent shriveling. 

Insects and diseases. Peppers are attacked by the same diseases 
and insects that attack tomatoes. The control measures are the 
same. 
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Fig. 94. Left: Ruby King. Right: 
California Wonder peppers. 
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REVIEW QUESTIONS 

1. From what plant part does the characteristic tomato odor come? 

2. Is the tomato peduncle often adnate? 

3. Explain the practical importance of long- and short-styled flow¬ 
ers. 

4. What are abscission layers? 

5. Is the tomato a fruit or a berry? 

6 . Give the emperical formula for lycopin and carotin. 

7. Is it possible to emasculate and pollinate tomato flowers at the 
same time? 

8 . What four conditions may result from alternations in the carbo¬ 
hydrate-nitrate ratio. 

9. Describe the responses of the tomato plant to different lengths of 
day. 

10. Is large or small tomato seed desirable? 

11. Describe four methods of growing plants. 

12. Enumerate the advantages and disadvantages of staking tomatoes. 

13. What fertilizer hastens the maturity of tomatoes? 

14. What relation would pruning have to mosaic infection? 

15. How does cold affect the ripening processes of the tomato? 

16. Explain the advantages of ripening tomatoes by ethylene. 

17. Where are the largest production centers in the United States? 

18. Is it possible to secure improved strains of tomatoes through 
selection? Why? 

19. What types of crosses would you make in order to secure the 
greatest effect from heterosis? 

20. Give control measures for damping off, early blight, leaf mold, 
Septoria, Fusarium wilt, bacterial spot, and mosaic. 

21. How are tomatoes harvested in Florida? 

22. What packages are used for shipping tomatoes from Florida, 
from Mexico, and from Ohio? 

23. Where are the most important tomato canning sections in the 
United States? 

24. Describe in detail the best method of growing large numbers of 
tomato plants. 

25. What is the most practical means of setting large acreages (500 
or more) of tomato plants? 

26. Describe the U. S. standards for cannery tomatoes. 

27. Why are they different than the standards used for market toma¬ 
toes? 

28. What are the advantages to grower and canner of selling on the 
graded basis? 
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29. How much more can the canner afford to pay for U. S. No. 1 than 
for U. S. No. 2 tomatoes? 

30. What kinds of peppers are used for canning, tobasco sauce, dry¬ 
ing, paprika, and red pepper? 

31. From what is the black pepper of commerce derived? 

32. How is the epidermis of the pepper removed in preparing the 
fruit for canning? 

33. What changes take place during the maturation of peppers? 

34. Can paprika peppers be grown in the U. S.? 

35. Give control measures for pepper anthracnose, bacterial spot, 
blossom-end rot, and weevil, 
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chapter 19 


Beans and Peas 



Beans. Beans and peas are both legumes; however, characteristic 
growth habits of the two vegetables vary greatly. Peas are cool- 
season crops, and beans, with the exception of the broad bean, are 
warm-season crops. Peas germinate with the cotyledon leaves re¬ 
maining underneath the surface of the soil (hypogeal), whereas 
the cultivated beans (Phaseolus vulgaris and Phaseolus lunatus), 
commonly grown in America, germinate with the cotyledon leaves 
pushing above the surface of the soil (epigeal). P. mungo and P. 
aureus also germinate in the same way, however, P. calcaratus 
(rice bean), P. angularis (adsuki bean), and P. coccineus (scarlet 
runner) germinate with the cotyledons beneath the soil. The scarlet 
runner bean produces a thickened underground root. The adsuki 
bean is the second largest leguminous crop in China and Man¬ 
churia. The rice bean is grown extensively in southern Asia. The 
scarlet runner bean is grown to a limited extent in the United 
States. P. aureus or mung bean is cultivated extensively in south¬ 
ern Asia. In India it is called the green gram. 

The green gram bean, the urd or black gram bean, the red gram 
bean, and the bingo gram are grown to the extent of 16,000,000 
acres in India. The culture of the green gram bean or mung bean 
in this country has been greatly stimulated since the supply from 
Asia was curtailed by World War II. The Windsor bean (Vida 
faba) is grown extensively in northern Europe where it withstands 
severe freezes. It is grown to a limited extent in this country in 
California but it is a native of Europe and Asia. The acreage in 
production of common beans and Lima beans is given in Tables 
28 and 29. Both are natives of South America. 

Plant characteristics. Three general types of the common or 
kidney bean (Phaseolus vulgaris) are recognized by their habits. 
The dwarf bush type has short, erect stems with the main axis 
consisting of from 4 to 8 shortened internodes; the semi-pole 
or runner type is from 2 to 4 feet long also with from 4 to 8 
internodes which are longer than those of the bush type; the pole 
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type has longer internodes than either of the other types and the 
number of these internodes is dependent upon the length of the 
growing season. The pole type is distinctly twining and coils from 
left to right around the supporting objects. 

A short taproot with shallow lateral branches extending out¬ 
ward for 12 or 15 inches is characteristic of beans. The fibrous 
rodt system penetrates the soil to considerable depth and for this 
reason the bean plant can withstand a short dry period. In the 
presence of specific bacteria, nodules form on the root. The leaves 
are three-lobed, pinnate, and the size, shape, and shade of green 
vary with the variety. The inflorescence is indeterminate in the 
pole type, while in the bush type several inflorescences develop at 
about the same time from the lateral stems and are determinate. 
The individual flowers may be yellow, white, rose, or violet de¬ 
pending upon the variety, and the calyx is five-parted. The corolla 
consists of a large, erect petal, called the standard, two lateral ex¬ 
tended petals which form the wings, and the two lower petals 
which form the keel. The ten stamens and the single pistil are en¬ 
closed within the keel. Self-pollination is the rule, however, a few 
insects may visit the flower and effect some cross-pollination. The 
fruit is an elongated pod, straight or curved, two-valved, with dry 
dehiscence along the dorsal and ventral sutures. The seeds are 
borne alternately on the margins of the two placentae, which ex¬ 
tend on the upper (dorsal) side of the pod. The size, shape, and 
color of the seed vary widely with the variety. The great mass of 
the seed consists of the two large cotyledons with the proportion¬ 
ally small embryo enclosed in the seed coat. The place of attach¬ 
ment of the funiculus from the placentae is marked by a scar on 

the seed* 

Ejects of climate on the growth of beans. Aside from the tem¬ 
perature responses already mentioned, the species and varieti^ of 
beans can be classified as long-day, short-day, or day-neutral. The 
urd, moth, tepary, adsuki, mung, jack, and rice beans are all 
short-day species: that is, they produce flowers, pods, and seed more 
quickly when the daylight period is less than 13 or 14 hours m 
length The cow pea and velvet bean are both short-day plants. 
Yellow lupine, common vetch, and scarlet runner beans are long- 
day plants; that is, they flower more quickly with long dayhg 

periods. All the bush and pole Lima beans are ’ 

the length of day does not materially affect the seeding habit. Most 
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snap beans are also day-neutral, however, Great Northern, Large 
White Marrow, Michelite, Otenashi, Pink Pinto, Red Mexican, 
Robust, St. Louis Perfection, Corbett Refugee, Idaho Refugee, 
Stringless Green Refugee, and U. S. No. 5 Refugee are short-day, 
semi-pole varieties. 

The following pole varieties are also classified as short-day 
plants: Alabama No. 1, Blue Lake, Cutshort, Kentucky Wonder 
No. 780, Kentucky Wonder U. S. No. 3, Logan Giant, London 
Horticultural, Striped Creaseback (Scotia), White Cornfield, and 
Golden Cluster Wax. Short-day plants, of course, will flower and 
produce fruits in southern latitudes, that is, those south of 40 de¬ 
grees north latitude during the summer. The delayed flowering 
and increased vegetative growths due to long days may result in in¬ 
creased yields in high latitudes provided the plants are able to 
mature a crop during the shortened days of fall before they are 

killed by frost. 

Cultural practices. Common and Lima beans are warm-season 
crops, and their seed should not be planted in the open until frost 
danger is past, unless the grower is willing to risk injury by frost 
or cold weather in order to get an extra early crop. Lima beans are 
especially susceptible to injury by cold weather. Treating the 
seed with Spergon or fresh red copper oxide is often beneficial 
when seed is planted during cool weather. Lima bean blossoms 
are exceedingly susceptible to blasting with high temperatures and 
low humidities. Experiments proved that Lima beans planted the 
latter part of May or the first part of June in the northern tier of 
states often set a better crop and are more productive than beans 
planted the first part of May. 

The kidney beans, including navy beans as well as the small, 
sieva type of Lima bean, are practically ahvays planted with a seed 
drill or com planters equipped with special disks or specially de¬ 
signed bean-planting machinery. The large Lima beans, on the 
other hand, are frequently planted by hand with the hilum or scar 
placed downward so that the large cotyledons will meet the least 
possible resistance in their upward growth through the soil. Ob¬ 
viously, they should be planted shallow even in light soils. Many 
growers, in planting the pole Limas, cover the seed with sand, peat, 
or muck. 

For the smaller bush type of beans, the greatest production is 
realized if the beans are planted 2 or 3 inches apart in the rows. 
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TABLE 28 


Snap Beans for Fresh Market: Acreage, Production, and Yield per 

Acre of Leading States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 
average 
1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Florida. 

59,480 

72,200 

5,561,000 

7,019,000 

93 

97 

New York. 

7,410 

12,400 

1,005,000 

1,612,000 

, 130 

130 

California. 

10,470 

5,600 

1 

1,575,000 

1,088,000 

150 

194 

N. Carolina. 

13,330 

8,980 

1 

969,000 

945,000 

73 

105 

1 

Louisiana. 

12,370 

8,700 

739,000 

770,000 

52 

89 

New Jersey. 

11,720 

9,400 

1,250,000 

768,000 

107 

82 

S. Carolina. 

9,600 

7,100 

521,000 

633,000 

54 

89 

Texas. 

7,280 

7,800 

411,000 

• 

517,000 

56 

66 

Maryland. 

4,920 

5,800 

348,000 

486,000 

71 

86 

United States. 

169,850 

167,790 

15,014,000 

16,504,000 

89 

98 


Snap Beans for Processing: Acreage, Production, and Yield per 

Acre of Leading States and of Total U. S. 


State 

Acreage 

harvested 

Production (tons) 

Yield per acre 
(tons) 

10-ycar 
average 
1934-1943 

1945 

10-ycar 
average 
1934-1943 

1945 

1 

10-ycar 
average 
1934-1943 

1945 

Maryland. 

11,260 

12,000 

16,200 

16,800 

1.4 

1.4 

New York. 

8,830 

18,900 

15,800 

26,500 

1.8 

1 1,4 

Oregon. 

2,420 

4,400 

14,000 

26,800 

5J 

6.1 

Wisconsin. 

8,280 

9,600 

11,900 

14,400 

1.4 

1.5 

A 

Arkansas. 

5,290 

15,400 

6,400 

23,100 

1 

1.3 

1.5 

A A 

Florida. 

4,390 

13,000 

7,500 

18,200 

1.3 

1.4 

Texas . 

2,500 

9,000 

3,600 

14,400 

1.3 

1.6 

United States.. . 

78,150 

146,910 

130,800 

235,600 

1.67 

1.60 


For horse cultivation the rows should be at least 30 inches apart, 
but for hand and garden tractor cultivation, they may be as close 
as 20 inches apart. The seed of a bush Lima should be planted 
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from 4 to 6 inches apart in the rows depending upon the germina¬ 
tion percentage and with the same distance between rows, as for 
the kidney beans. Since the germination of both kidney and Lima 
beans is epigeal, it is essential that the seed be planted as shallbw 


TABLE 29 


Lima Beans For Fresh Market; Acreage, Production, and Yield 

PER Acre of Leading States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Florida. 

4,060 

1 

4,800 

258,000 

420,000 

64 

88 

New York. 

3,090 

3,500 

272,000 

420,000 

86 

120 

New Jersey. 

3,450 

3,000 

266,000 : 

210,000 

78 

70 

United States.. . . 

19,710 

16,920 

1,256,000 

1,405,000 

64 

83 


Green Lima Beans For Processing: Acreage, Production, and 
Yield per Acre of Leading States and of Total U. S. 


State 

Acreage harvested 

Production (tons) 

Yield per acre 
(pounds) 

10-year 

average 

1934-1943 

1945 

10-year 

average 

, 1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

Delaware. 

10,380 

12,200 

6,110 

9,880 


1,620 

California. 

2,240 

4,370 

1,690 

4,220 


1,930 

New Jersey. 

9,610 

12,600 

4,910 

3,970 


630 

Virginia. 

5,850 ' 

2,800 

3,510 

1,110 


790 

Wisconsin. 

1,730 

2,800 

1,010 

1,880 

1,140 

1,340 

United States,. . . 

46,660 

58,160 

26,440 

34,100 

1,154 

1,173 


as possible and yet come in contact with moist soil. The amount 
of seed required for planting an acre depends upon the thickness of 
seeding. It takes between 60 and 100 pounds per acre if the seed is 
planted approximately 2 inches apart in the rows with the rows 
3 feet apart for beans about the size of Stringless Green Pod and 
Red Valentine. 

Cultivation. Bean roots are formed close to the surface of the 
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soil, and it is especially important to cultivate shallowly to avoid 
injury to the root system. The soil should not be cultivated while 
the foliage is wet, due to the danger of spreading foliage diseases. 
Pole beans are usually supported by poles or by strings which are 
stretched between a wire support near the ground and another 
approximately 6 feet above the ground. One of the characteristics 
of beans is that they twine around the supports rather than be¬ 
coming attached by tendrils as is the case with peas. Pole beans are 
usually planted 5 or 6 inches apart or they may be planted 4 to 6 
seed per hill, 3 X 3, 3 X 4, or 4 X 4 feet apart. 

Varieties. Beans, as already indicated, are classified as pole beans 
or,bush beans. Bush beans have a more or less determinate type of 
growth, whereas pole beans elongate from the terminal axis. The 
internodes of pole beans are longer than those of bush beans. 
Kidney beans may also be classified as green-podded and yellow- 
podded beans. Both Lima and kidney beans may be classified as 
green-shell beans or dry-shell beans. In addition, the pods of many 
kidney beans are edible, in which case they are classified as snap 
beans. 

There are hundreds of varieties of beans and many varieties are 
listed under many different names. The most important of the 
dry-shell beans include the Pea bean, the Marrow bean, the Robust 
bean which is resistant to mosaic, the White Kidney, and the Red 
Kidney, including Well’s Red Kidney which is resistant to an- 
thracnose. The Lima beans, used either as green- or dry-shell beans, 
include the small sieva bean of which Henderson’s bush Lima is the 
outstanding variety and the large Lima (Macrocarpus) of which 
Fordhook bush, Fordhook 242, Burpee’s bush, and Leviathan are 
leading varieties. Baby Potato, Baby Fordhook, and Early Baby 
Potato are hybrids between Henderson’s bush and Potato Lima 

sorts. 

Of the green snap beans. Stringless Green Pod, the Refugee 
group. Bountiful, Tendergreen, Giant Stringless Green Pod, and 
Streamliner are widely used varieties. Yellow snap beans include 
Pencil Pod Black Wax, Round Pod Kidney Wax, Sure Grop Wax, 
and Refugee Wax. The green and wax refugee varieties are used 
more than any other variety for canning. Mosaic-resistant strains 
are available. For freezing, the recommended varieties include 
Giant Stringless Green Pod, Pencil Pod Black Wax, and Round 
Pod Kidney Wax. Blue Lake is frozen extensively in the North- 
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Fig. 95. Left: Pencil Pod Black Wax. Right: Sure Crop Wax. 


west. Lima beans suitable for freezing include Baby Fordhook, 
Fordhook 242, Fordhook, and King of the Garden (pole). 

Fertilizers and manures. Beans are quite tolerant to soil acidity. 
The pH value should not, as a rule, drop below pH 5.3 or go above 
pH 7. Although beans are legumes, it often pays to apply some 
nitrogen, perhaps not to exceed 4 per cent in a complete fertilizer 
in most soils. A 4-12-4 is frequently recommended. This should 
vary according to the fertility of the soil, as described in chapter 
5. Beans are especially susceptible to toxic action of fertilizers, 
and fertilizers should never be applied directly adjacent to the 
beans in the row, but must be placed on one or both sides. Ferti¬ 
lizer placed 2 inches from the seed and at a depth of about 2i/^ 
inches is most effective. When beans are planted with corn planters 
or special bean planters, this type of fertilizer application is pos¬ 
sible since the fertilizer attachment is usually installed on the ma¬ 
chine. Recent data indicate that pea seeds treated with Spergon, 
Arasan, or red copper oxide are not injured by fertilizer mixed 
with the soil in which the seeds were planted. This response 
prompted the guess that the added fertilizer caused injury by 
accelerating the growth of seed-decaying fungi. Perhaps these re¬ 
sponses will also be noticed with beans. 

Harvesting. Snap beans are usually harvested before maturity. 
Picking is done by hand. It is important to know something of the 
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A & P Food Stores 

Fig. 9(3. Hcans displayed for sale in a carton with a Cellophane cover. 


characteristics of each variety in order to know when to pick. Some 
varieties can be allowed to attain considerable size before the pods 
become tough and stringy. Other varieties must be picked when 
they are less than half grown, otherwise they become too tough for 
use. Some canners require very small beans for fancy packs. Snap 
beans are packed for shipment in hampers, bushel baskets, and 
other containers, depending upon the locality in which they are 
produced. They cannot be kept long in storage, but a temperature 
of 10° and a relative humidity of 90 per cent has proved most ad¬ 
vantageous. For long-distance shipments refrigerator cars are em- 

ployed. . 

Dry beans are harvested when the beans are mature and will 

separate easily from the pods. Some shatter excessively and it is 
necessary to harvest them a little earlier than varieties which do 
not shatter so easily. The common method of harvesting is to use 
a machine which cuts the plants off below the surface of the 
ground. This machine usually windrows two rows at a time. They 
should be thrashed soon after they are cured. Special thrashing 
machines are available. However, ordinary separators can be used 
if the cylinder speed is reduced to three or four hundred revolu- 
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tions per minute and some of the concave teeth are removed. 
Rough handling breaks off the growing point, a condition known 
as baldhead. Thrasher injury is one of the common causes for bean 
baldhead. The harvested beans are marketed in sacks of various 

sizes. 

Dry Lima beans are shelled much the same as navy beans 
and other dry-shelled beans. Green-shell Lima beans for market 
are frequently shelled by hand. An ordinary clothes-wringing 
machine with iron rollers substituted for rubber rollers is useful 
for shelling medium amounts of green-shell Limas. For canning 
purposes, ordinary viners are used udth screens having large per¬ 
forations substituted for the smaller ones used in shelling peas. 
Lima beans shell much more easily if the beans are allowed to 
grow until the pods start to turn white. Shelled Lima beans should 
be marketed without delay, otherwise, they will become spotted 
due to a fungus growth or sticky due to bacterial'growths. Shelled 
Lima beans for fresh market are usually marketed in berry boxes. 
Dipping in a 5 per cent sodium propionate solution inhibits bac¬ 
terial growth. 

Insect and disease pests. Mexican bean beetles (Epilachna cor- 
rupta) are eight-spotted copper-colored insects about 1/2 inch long 
when in the adult stage. The larvae are yellow and covered with 
dark spines. Both larvae and adult feed almost exclusively on the 
under surface of the leaves. Rotenone dust at the rate of .75 per 
cent rotenone is the most effective insecticide, and it does not 
leave a residue which is poisonous to man. Sulphur is usually used 
as a carrier, as the combination is effective for red spider and leaf 
hoppers as well as for the Mexican bean beetle. Activated pyreth- 
rum spray and rotenone spray may be substituted for the dust. 

Bean leaf hoppers (Empoasca mail) are small, active, green in¬ 
sects which feed on the under surfaces of the leaves. The adults fly. 
Leaf hoppers spread virus diseases and inflict more injury on 
beans than any other insect because of the toxic substances which 
they inject into the plant. However, the average grower is totally 
unaware of the injury. The beans become stunted, the foliage be¬ 
comes brittle, and the plant becomes unproductive. 

As already indicated, the control is the use of dusting sulphur. 
Sprays of hydrophilous (wettable) sulphur are also effective against 
leaf hoppers. DDT is especially effective for the control of leaf 
hoppers. 
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Fig. 97. Larvae ol the Mexican bean beetle. 


Bean weevils {Bruchus obtectus) are small, dark-colored weevils 
which are injurious to stored beans. The eggs are frequently de¬ 
posited in the pods in the field, and there is no control for such 
weevils. In storage carbon bisulphide is a very effective control. For 
small quantities, use II /2 ounces of the liquid (3 level tablespoons) 
to 10 cubic feet of space. For large amounts of seed, fumigate with 
5 pounds of carbon bisulphide per 1000 cubic feet of space. The 
gas liberated from the liquid is heavier than air, so the liquid is 
placed in a small container on top of the seed which is enclosed in 
a relatively air-tight container. The treatment should last from 
24 to 36 hours at a temperature of from 65° to 80° F. The gas is 
inflamable, and it must be kept away from open flames. 

Bean thrips (Heliothrips fasciatus) adults are grayish black and 
the larvae are small, yellow, sucking insects which feed on the 
under surfaces of the leaves, causing them to turn pale (silvered) 
and to drop off. They also feed on the pods, giving them a silvery- 
white appearance. The control is the same as for onion thrips. 
(See page 428.) Weeds, especially wild lettuce, should be kept 

under control as they provide a source of infection. 

Red spiders (Tetranychus telarius) are minute mites which suck 

the juice from the leaves and cause them to appear speckled. The 
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control consists of spraying with 

tetraethylpyrophosphate (TEP) 
or wettable or flotation sulphur, 
or dusting with finely ground sul¬ 
phur or sulphur-rotenone. 

Bean leaf beetles (Cerotoma 
trifurcata) are approximately i/^ 
of an inch long, are yellowish to 
reddish in color, and have six 
black dots on their wing covers. 

They eat large holes in the leaves 
and may be controlled with ro- 
tenone. 

The controls for aphids, cut¬ 
worms, and wire worms are de¬ 
scribed on page 158. 

Anthracnose is caused by a 
fungus {Colletotrichum linde- 
muthianum) which produces 
elongated, sunken, dark red areas on the stems and leaf veins. 
It also produces irregular, sunken spots on the pods. (See Figure 
98.) The disease is carried on the seed and is spread by any agency 
which goes from plant to plant while the foliage is wet. The chief 
controls, therefore, consist of securing seed Avhich is free from 
the disease and avoiding working in the bean patch while the 
foliage is wet. The first irrigation for beans should be applied be¬ 
fore the seed is planted, and subsequent irrigations should be 
thorough but as infrequent as possible while supplying the nec¬ 
essary amount of water. Frequent applications of water are very 
likely to spread diseases. There are a number of anthracnose- 
resistant varieties. Bean seed which is free from anthracnose can 
be obtained from western states where furrow irrigation is em¬ 
ployed. Furrow irrigation is much to be preferred to the overhead 
type for beans. Fermate is the best fungicide. 

Bacterial blight {Phyotomonas phaseoli) causes small, irregular, 
amber-colored areas which have a water-soaked appearance when 
they first form. (See Figure 99.) This disease is also carried on the 
seed, and the best seed comes from the West where furrow irriga¬ 
tion is used. Like anthracnose, it is spread when the plants are wet. 
Therefore, the same precautions should be taken to avoid working 



I'ig. 98. Anthracnose on bean pods. 
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V»V 


I-'ig. 99. Bacterial blight of beans. 


in the fields when the foliage is wet. The best control, aside from 
the use of healthy seed, is the use of resistant varieties. Resistant 
Refugee, Refugee Wax, and Keeney’s Stringless Green Refugee 
are some of the most important snap beans that are resistant to this 
disease. Michigan Robust Pea, Perry Marrow, and Yellow-eye or 

Scotia are all resistant dry-shell beans. 

Mosaic is caused by a virus or perhaps more than one virus and 
causes the leaves to assume a mottled appearance. It also causes 
the plants to become dwarfed and unproductive. It is carried 
on the bean seed, therefore, disease-free seed should be used if pos¬ 
sible. Some regions are more free from the insect which transmits 
the disease, and seed saved from regions where the insect vectors 
are absent may be free from virus diseases. However, inasmuch as 
this disease is not spread by moisture, the use of western-grown 
seed is no assurance that the seed will be free from mosaic. 

There are a number of resistant varieties, including Red Kid¬ 
ney, White Marrow, and several strains of Refugee. 

Dry root rot is caused by several species of Fusarium. It attacks 

the area below the ground, and the bean plants may break off at 
the surface of the ground, or the roots may become partially de- 
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cayed and the plants may become unproductive. Long-time rota¬ 
tion is the only control. 

Rust, caused by Uromyces appendiculatus, is a disease which 
often becomes serious during wet seasons. It causes rust-colored or 
brown spots on the leaves and sometimes on the pods. Avoid 
working the plants while the foliage is wet and avoid frequent ir¬ 
rigation. The principal control is the use of rust-resistant varieties 
which include Hodson Long Pod, Wisconsin Refugee, Improved 
Rust Proof, Golden Wax, and Black Valentine. Dwarf Horticul¬ 
ture, Red Kidney, White Marrow, and White Kidney are dry- 
shell beans which are resistant to rust. 

Rhizoctonia produces brick red discolorations on the under¬ 
ground portions of the plant especially during cool weather and 
on poorly drained soils. Seed treatment is thought to partially 
control this disease which is often very injurious. 

Peas. {Pisum sativum). Peas originated in Europe and Western 
Asia and an edible, podded form is grown to a limited extent. The 
greatest acreage of peas is grown for canning, and for this purpose 
its importance is exceeded only by tomatoes. The acreage and 
value of peas grown for canning and for the fresh market are shown 
in Tables 30 and 31. 

More canning peas are grown in Wisconsin than in any other 
state, and more peas are grown for the fresh market in California 
' than in any other state. 

Plant characteristics. The root system of the pea plant consists 
of a long taproot with from 15 to 25 laterals arising from the upper 
portion. Nodule formation on the roots by the nitrogen-fixing 
bacteria occurs with peas as with all other legumes, providing the 
specific organism is present in the soil or on the seed (inocula¬ 
tion.) The length of the stem varies from 12 to 24 inches in the 
dwarf types and from 8 to 9 feet in the taller varieties. Climbing 
sorts are attached to supports by means of tendrils. The stems are 
usually hollow, and branches often arise from the lower nodes. 
The leaves are pinnately compound with several pairs of leaflets, 
and the color varies from a rather deep green to a yellow-green 
depending upon the variety. The flowers are white and are borne 
singly or in pairs on elongated peduncles arising from the axils of 
the leaves. The calyx is five-parted and green in color. The corolla 
consists of a large, single petal, the standard, the two wings, 
the two lower petals, the keel which encloses the ten stamens, and 
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the pistil. The flowers are practically always self-pollinated, al¬ 
though insect pollination occurs occasionally. The fruit is a pod 
and at edible maturity the color varies from a dark green to a yel¬ 
low-green, depending upon the variety. There are several varieties 
of edible podded peas, although with most varieties, the seeds are 
used only for human consumption. The number of seeds in a pod 
may vary under certain environmental conditions but in general 


TABLE 30 

Processed Peas: Acreage, Production, and Yield per Acre of Lead¬ 
ing States and of Total U. S. 


State 

Acreage harvested 

Production (tons) 

Yield per acre 
(pounds) 

lO-ycar 

average 

1934-1943 

1945 

10-year 
average 
1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

Wisconsin. 

113,540 

148,200 


168,210 

1 

1,530 

2,270 

Washington. 

; 25,140 

50,800 

' 27,660 

1 

51,820 

2,180 

; 2,040 

Oregon. 

19,490 

44,300 

22,210 

41,200 

2,180 

1,860 

Minnesota. 

25,190 

40,000 

22,400 

41,000 

1,740 

2,050 

New York. 

35,480 

39,900 

24,730 

36,310 

1,360 

1,820 

Illinois. 

1 

16,480 

20,000 

13,370 

24,900 

1,570 

2,490 

Utah. 

13,150 

15,300 

17,620 

24,020 

2,640 

3,140 

Pennsylvania. 

8,370 

16,900 

7,960 

22,820 

1,950 

2,700 

Maryland. 

16,010 

12,000 

13,680 

14,820 

1,700 

2,470 

United States. 

333,030 

453,860 

287,760 

490,150 

1,696 

2,160 


the number of seeds per pod is fairly constant for a given variety. 
A distinguishing feature with garden peas as compared with field 
peas is the translucent seed coat found in the garden pea. Field 
peas may also have colored flowers. Field peas frequently darken 
when canned and cause serious losses to canners. Wrinkled and 
smooth types of seed are recognized and are important varietal 

characteristics. , 

Cultural practices. Peas are a cool-season crop and do not thrive 

in warm weather. The seed should be treated with Spergon or 
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Arasan prior to planting. Under adverse growing conditions the 
treatment increases germination to a marked degree. Spergon is 
said to be combatable with the bacteria which are frequently used 
to inoculate pea seed. The proper inoculent and the directions for 
application can be secured from a number of commercial firms. 
Peas should be planted after rains, rather than before, if possible. 


TABLE 31 

Fresh Peas: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

1 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

California. 

48,750 

37,550 

3,839,000 

3,189,000 

79 

85 

Colorado. 

10,330 

13,000 

1,055,000 

1,300,000 

100 

100 

New York. 

5,240 

3,600 

512,000 

414,000 

98 

115 

Idaho. 

4,560 

2,500 

440,000 

343,000 

96 

137 

Washington. 

2,840 

1,350 

572,000 

243,000 

203 

180 

Florida. 

4,540 

2,600 

359,000 

195,000 

74 

75 

Texas. 

3,850 

4,000 

240,000 

180,000 

57 

45 

Oregon. 

800 

900 

94,000 

117,000 

118 

130 

South Carolina.... 

3,610 

1,500 

166,000 

75,000 

46 

50 

United States. 

1 

95,780 

68,980 

8,030,000 

6,176,000 

85 

90 


Rains following within a few minutes after the seed is planted 
often cause a marked reduction in germination. If rain does not 
follow for 36 hours after the seed is planted, the germination is 
rarely reduced to any serious extent. Pea seeds germinate with the 
cotyledons remaining underneath the surface of the soil. They can, 
therefore, be planted deeper than beans. There is no advantage in 
planting any deeper than is necessary to insure complete coverage 
and, at the same time, to place the seed in contact with the moist 
soil. 
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Peas for canning purposes should be sown with a grain drill, at 
the rate of 4 or bushels per acre, with the rows 7 inches apart. 
At this rate the seed of the Alaska variety will be distributed at the 
rate of 10 per foot, and seed of the Perfection variety will be dis¬ 
tributed at the rate of 8 or 9 per foot. Plant as early in the spring 
as the ground can be worked in order that the peas will mature 
before the arrival of hot weather. 


It is important to grow peas for canning on comparatively level 
land, that is, land without small knolls and depressions, in order 
that the vines can be mowed without cutting into the elevated 
areas and thus mixing soil and vines. Dirt mixed with the vines 
makes the vining operation more difficult and pebbles mixed with 
peas necessitates the use of riffles and other devices in order to 
effect a complete separation. For market gardening purposes the 
rows are planted farther apart and less seed is used. Varieties be¬ 
longing to the Giant Stride group frequently are used for this pur¬ 
pose. They require longer for maturity and do not do well in 
sections where hot weather is likely to cut the growing season 
short. These long-season varieties thrive best near large bodies of 
water or in high elevations where the summers are most likely to 
remain cool. 

Soils and fertilizers. Peas apparently grow best on soils with pH 
values from 5.5 to 6.7. On the more acid soils it is necessary to 
inoculate with nitrogen-fixing bacteria more frequently. Fertilizers 
applied in bands are more effective than those which are broadcast. 
Great care should be used to avoid placing the fertilizer in contact 
with the seed if more than 2 per cent nitrogen fertilizer is applied. 
Fertilizers so placed may have some value in controlling organisms 
which attack the seed. On the other hand, a small amount of 
fertilizer may stimulate the growth of seed-decaying organisms in 
the absence of seed treatments. New data seems to indicate that the 
injury from fertilizer can be reduced or even eliminated by treat¬ 
ing the seed with Spergon, Arasan, or red copper oxide. From 200 
to 600 pounds per acre of fertilizer is adequate if applied at a depth 
of 4 or 5 inches with a fertilizer drill just before the seed is planted. 
Fertilizers high in phosphorus, for example, 2-12-6 or 4-12-4, are 

commonly used. . j t • u 

The bean fertilizer recommendations, as described earlier in the 

chapter, should be followed. Peas should not be planted on the 
same piece of ground oftener than once every three years. When 



Seabrook Farms 

Fig. 100. The newly-developed Porter Way pea liarvesier is shown here. 


grown for canning purposes peas should follow a cultivated crop 
in rotation in order to secure comparative freedom from weeds, 
since the canning crop is not cultivated. Peas frequently precede 
beans during the growing season on the same ground. 

Varieties. For most gardening purposes, the Giant Stride group 
is used where long, cool summers prevail. Giant Stride, Alderman, 
and Telephone varieties are commonly grown. For the earlier 
market-gardening peas, Little Marvel, Laxton’s Progress, Thomas 
Laxton, Gradus, and World’s Record are commonly grown. 
Thomas Laxton is recommended for freezing purposes. For can¬ 
ning, the Alaska variety, including wilt-resistant Alaskas, are 
commonly grown as the early smooth type. For wrinkled or sweet 
types of peas, the Perfection is the most used variety for canning. 
Peas may be classified, as already indicated, into smooth-seeded 
types and the wrinkled-seeded types. The wrinkled types are 
sweeter than the smooth-seeded varieties. Peas also may be classi¬ 
fied as climbing and as dwarf. Climbing types are usually supported 
by brush or trellises. The pea vines are supported by tendrils 
which twine around the trellises or brush. 

Harvesting. Peas grown in the market garden are picked by 
hand, which is an expensive operation. The large-podded varieties 
are usually picked two or three times. Some market gardeners 
plant Thomas Laxton or similar varieties in rows from 7 to 12 
inches apart and grow their crop much the same as for canning 
purposes. 

Peas produced for canning are cut with mowing machines which 
are usually equipped with a windrowing attachment. The vines 
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I'ig. 101. A bushel ot peas can be 
shelled in five minutes with this 
shellcr. A viner is essential if large 
amounts of peas are to be shelled. 


with peas attached are then load¬ 
ed on a rack with a hay loader 
and taken to a viner where the 
peas are shelled. From the viner, 
the boxes of shelled peas are 
hauled to the canning plant. It 
is important that the peas be har¬ 
vested at the proper stage of ma¬ 
turity. Slightly more mature peas 
are used for canning than for 
freezing. However, one addition¬ 
al day may result in peas too ma¬ 
ture for the purpose for which 
they were grown. Moreover, it is 
essential that the peas be shelled 
and processed within a few hours 
after they are harvested because 
heat forms quickly in the center 
of large masses of vines and pods. 
For market peas the quality is 
maintained for several days by 
packing the pods in ice as soon 
as they are harvested. The ice 
precools and slows the matura¬ 
tion processes. Peas are usually 
shipped in bushel containers 
with a net weight of 28 pounds. 

Insect and disease pests. Aph¬ 
ids {Macrosiphum pisi) are green 


plant lice which frequently cause 
considerable damage by sucking the sap from vines. The most ef¬ 
fective control is to spray with a 1-percent rotenone spray with 

a small amount of skim milk as a spreader. 

Dusting with a 4-percent nicotine-lime dust is partially effective, 

and free nicotine volatized by a special spray machine is also em¬ 
ployed. A canvas trailer is necessary for both methods employing 


nicotine. 

Pea weevils {Bnichus pisorum) attack the seed in northern states 
and the pods and the seed in the southern states. In the field, a 
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1-percent rotenone dust applied under a slow-moving canvas 
trailer is satisfactory. Carbondisulphide used at the rate of II /2 
fluid ounces per 10 cubic feet of space in a closed container is 
effective for seed if the container enclosing the seed is kept closed 

for 24 hours or more. (See page 274.) 

The principle cause of root rot is a fungus {Aphanomyces 
euteiches) which, in the early stages of its growth, softens the outer 
fleshy tissue of the roots. Later the small roots decay and the rot 
extends an inch or more above the ground on the stem. When 
infected plants are pulled they leave an internal core of more resist¬ 
ant water- and food-conducting tissue. The rot is favored by a high 
soil moisture content. Heavy clay soils are more favorable to the 
development of root rot than lighter soils. The most practical 
control for the disease is long-time rotations in which clover and 
alfalfa are not included. 

A disease which is responsible for the discoloration of the in¬ 
ternal tissue of roots and finally causes the complete collapse of 
roots is caused by Fusarium oxysporum. One race of Fusarium 
oxysporum is easily controlled by the use of resistant varieties. 
Race number two which produces the so-called near-wilt cannot be 
effectively controlled by resistant varieties. Fortunately, the near¬ 
wilt does not cause as m,uch damage as the ordinary fusarium wilt. 
The lower leaves of the plants having near-wilt turn downward. 
Both diseases discolor the internal tissue. The near-wilt also de¬ 
velops at a higher optimum temperature than the ordinary fusa¬ 
rium wilt. Long-time rotations are also effective in the control of 
fusarium wilt. 

The so-called Ascochyta blight may be the result of Mycos- 
phaerella pinodes, Ascochyta pinodella, or Ascochyta pisi. The 
Mycosphaerella pinodes usually produces the blight which first 
appears as small purple spots the size of a pin head and which 
sometimes enlarge to one-eighth of an inch in diameter on leaflets, 
stems, and pods. The disease may become so severe as to cause the 
leaves, especially the lower ones, to drop off. It is more prevalent 
during wet than dry weather. The disease is introduced in three 
ways: first, on the seed, second, on refuse from the previous pea 
crop, and third, from secondary infections which may be carried 
as far as a quarter of a mile by air currents. Long-time rotations 
are the most practical control of this disease. Care should also be 
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taken to secure seed that is known to be free from the disease. 
Since the disease is known to overwinter in pea vine stacks, it is 
also advisable to locate these stacks away from pea fields. 

Anthracnose of peas is caused by the fungus Colletotrichum pisi. 
The disease is very difficult to distinguish from Ascochyta blight. 
The most practical control is to practice long-time rotations and to 
obtain seed which is known to be free from anthracnose. 

Occasionally, plants are attacked by a bacterial organism {Bac¬ 
terium pisi). It may be distinguished from the other foliage dis¬ 
eases by the water-soaked spots which become translucent when 
held up to strong light when the spots become old. On the pods, 
the lesions may become slightly sunken but retain a water-soaked 
or greasy appearance. This bacterium is seed-bome and it also lives 
over in vines on the field. It is spread largely by spattering rain. 
Progress of the disease is quickly checked during dry weather. 

Occasionally, peas are infected by virus diseases. One which 
causes a mottling of the leaves is known as mosaic and the other 
virus which causes streaking or spotting is called streak. Both 
viruses are transmitted by pea aphids and are not seed-borne. 
Aphids probably transmit the diseases to the peas from alfalfa and 
sweet clover. The control is obviously to avoid planting the pea 
fields adjacent to alfalfa or sweet clover fiel4s, also to carry on aphid 
control measures. 


REVIEW QUESTIONS 

1. What bean is able to withstand considerable frost? 

2. What bean produces a thickened root? 

3. Is it advisable to fertilize beans and peas? 

4. What variety of beans is resistant to anthracnose? 

5. How many pounds of peas are planted per acre? 

6. What is a good yield of shelled peas per acre? 

7. Name one good variety of wrinkled and smooth peas, 

8. What variety of bean is resistant to mosaic? 

9. How are Lima beans thrashed? 

10. How are canning peas harvested? 

11. What causes bean baldhead? 
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Cole Crops 


Cabbage and related forms are indigenous to Europe from 
Greece to Great Britain and have been cultivated continually since 
2500 B.c. They belong to the Cruciferae or mustard family. 

Most of the cultivated cole crops are biennials; however, if they 
are grown at a temperature of between 40° and 50° F., practically 
all of them will produce flowers and seeds the first year and, there¬ 
fore, become annuals. On the other hand, if the plants are grown 
continuously at a temperature of 55° or above, they will continue 
to produce vegetative parts. Thompson and others have, by grow¬ 
ing cabbage at a temperature of 60° F„ produced several heads in 
succession over a period of 2 or 3 years. At the end of this period, 
cuttings taken from the vegetative type of plant and grown at 
60° F produced additional heads and a vegetative type of growth, 
though cuttings grown at 45° F. soon formed flowers and seeds. 
Chinese cabbage is one of the easiest of this group of crops to 
produce flowers and seed when grown at the cool temperatures of 
40° or 50° F. For this reason, it is extremely important not to sow 
the seed too early in the spring or to start the seedlings in cool hot 
beds or cold frames. About the only way to produce an early crop 
of Chinese cabbage is to start the seed in warm greenhouses and 
then transplant the seedlings in the open after the temperatures are 
higher than 50° F. Though these crops go to seed when exposed 
to cool temperatures, nevertheless, relatively high temperatures 
favor the development of Fusarium (yellows) and crops do very 
poorly when the soil becomes infested with this organism. 

Since all are leafy vegetables, they respond to an adequate supply 

of moisture. 

Cabbage. Cabbage {Brassica oleracea), variety capitata, is nor¬ 
mally a biennial and is cultivated for its large leaf bud. The 
flowers are formed on a terminal raceme and have four sepals in 
the form of a cross. Because of this cross, the group is often known 
as Cruciferae as well as Brassicaceae. There are six stamens in two 
whorls which dehisce longitudinally. The pistil is divided into 
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two locules. Pollen is distributed almost entirely by insects, hence 
it is necessary to isolate fields to a considerable distance in order 
. to maintain purity. The fruit is a long silique and the seed consists 
of a large embryo with conduplicate cotyledons with little or no 

endosperm. 

The roots penetrate'to a depth of 30 inches but most of them are 
in the upper 12 inches of the soil and may be located within an 
inch of the surface when the soil is moist. The bud on cabbage is 
located on a short stem which differentiates it from Brussels sprouts 
and sprouting broccoli. 


TABLE 32 


Cabbage for Market: Acreage, Production, and Yield per Acre of 

Leading States and of Total U. S. 


• 

State 

Acreage harvested 

Production (tons) 

Yield per acre 
(tons) 

10 year 
Ave. 
1934-43 

1945 

10 year 

Ave. 

1934-43 

1945 

10 year 
Ave. 
1934-43 

1945 

New York. 

26,320 



403,600 

9.4 

9.8 

California. 

7,970 

14,000 


207,200 

7.7 

14.8 

Texas. 

28,960 

32,500 


165,800 

4.5 

5.1 

Wisconsin. 

10,130 

11,900 

82,800 

130,900 

8.2 

11.0 

Florida. 

10,720 

17,200 

66,100 

129,000 

6.1 

7.5 

Michigan. 

4,210 

8,000 

31,600 

80,000 

7.5 

10.0 

Colorado. 

4,460 

5,600 

47,800 

67,500 

10.7 

11.7 

N. Carolina. 

7,130 

8,300 

38,800 

51,400 

5.4 

6.2 

Mississippi. 

6,910 

8,000 

33,100 

51,200 

4.8 

6.4 

United States. 

162,240 

201,040 

1,084,300 

1,678,300 

6.68 

8.35 


Cabbage is one of the more important vegetables. The acreage 
grown in 1919, 1929, and 1941 are shown in Table 5. Approxi¬ 
mately 20,000 acres are grown for kraut. New York, Wisconsin, 
Ohio, and Indiana are the principal kraut-producing states. From 
150,000 to 170,000 acres are usually grown for market. New York 

is the principal producing state followed by Texas, Florida, and 
California. 

Cultural practices. Cabbage is usually grown by sowing the seed 
in soil in greenhouses or hot beds approximately 6 weeks before it 
is safe to set the plants in the open. Four ounces of seed will pro¬ 
duce enough plants to set an acre. If the soil is sterilized with steam 
and the seed treated with Semesan or Arasan, the plants will be 
almost entirely free from the “damping-off” diseases. As soon as 
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the true leaves appear the seedlings should be transplanted, prefer¬ 
ably in steam-sterilized soil so that the plants stand from an inch 
to an inch and a half apart each way. If properly hardened, the 
plants may be set in the field about a month before the danger of 
killing frosts is past as they will stand a temperature as low as 24 
or 25° F.; that is 7 or 8 degrees below freezing. If the soil is dry 


TABLE 33 

Cabbage for Kraut; Acreage, Production, and Yield per Acre of 


Leading States and of Total U. S. 


State 

Acreage harvested 

Production (tons) 

Yield per acre 
(tons) 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

lO-ycar 

average 

1934-1943 

1945 

New York. 

6,740 

6,700 

68,800 

75,700 

10.5 

11.3 

Ohio. 

1,890 

2,200 

15,500 

19,400 

8.2 

8.8 

Indiana. 

1,500 

1 ' 

800 

8,900 

5,600 

6.6 

1 

7.0 

Illinois. 

530 

200 

1 

3,200 

1,800 

6.7 

9.0 

Michigan. 

970 

400 

6,900 

3,800 

7.1 

9.5 

Wisconsin. 

4,960 

4,200 ' 

35,600 

46,200 

7.2 

11.0 

Minnesota 

210 

300 

1,500 

2,200 

7.0 

7.4 

Colorado. 

• 

270 

200 

2,600 

1,900 

1 

9.9 

9.7 

Washington. 

360 

1 

400 

3,700 

3,700 

10.3 

9.3 

Other states. 

2,200 

2,600 

15,400 

22,200 

7.2 

8.7 

United States.. . , 

19,650 

18,000 

162,100 

182,500 

8.35 

10.14 


at transplanting time, water should be added. For small acreages 
the plants are usually transplanted by opening a hole with a spade, 
dibber, or trowl and inserting the plant so that the roots come in 
contact with moist soil. Great care should be used in compacting 
the soil firmly about the roots to make sure that the air is ex¬ 
cluded and that the roots come in contact with moist soil. Trans¬ 
planting machines equipped to add water are usually employed 
where large acreages are to be set. If very early crops are desired. 
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King Farms Co. 


Fig. 102. Two-row plant setter unit attached to the cultivator bar of a tractor. 
A 150-gallon water tank is mounted on the draw bar. For operation it re¬ 
quires a crew of four, including the tractor driver, two “plant droppers,” and 
“plant boys.” This machine is used for cabbage, broccoli, peppers, and 
tomatoes. Its capacity is 1/2 hour. 


the plants are frequently transplanted with a mass of dirt around 
the roots. In order to eliminate injury at transplanting time, the 
seedlings are occasionally potted. Such plants start very quickly 
and mature a crop earlier than similar plants which have had their 
roots injured in the transplanting process. 

Late crops can be grown by sowing the seed directly in the field 
(1 pound per acre). As soon as the plants are up they are blocked 
to stand 1 or 2 feet apart in the row and the rows are usually from 
30 to 36 inches apart. In blocking, care should be taken to allow 
the most vigorous plants to stand and also to avoid injuring these 
plants. Early small-heading sorts may be grown as close as 12 or 
14 inches in the row, though the larger varieties should be set so 
that they stand about 2 feet apart in the row. 

In order to harden properly, the plants should be gradually 
subjected to cool temperatures. Limiting the amount of water 
also helps in the hardening process. 

Cultivation. Since the roots form near the surface of the soil, the 
cultivation should be shallow and only frequent enough to secure 
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l ig. 103. Le^t to Right-. Danish Ballhead, All Seasons, Jersey Wakefield, and 
Golden Acre. 


good control of the weeds. Deep cultivation injures the roots and 
reduces the yield. 

Soils. Cabbage does well on any type of soil which is supplied 
with adequate moisture and fertility. Muck soils are especially 
good because of their high nitrogen content and moisture supply. 

The soil reaction should be adjusted so that the values are from 
pH 5.5 to 7. If clubroot is serious, the addition of hydrated lime to 
bring the reaction up above 7 may be advisable. Usually, however, 
a pH of 6.5 is recommended. 

Manures and fertilizers. As indicated in the chapter on ferti¬ 
lizers, the specific recommendation depends upon the initial fer¬ 
tility of the soil. On muck soils, which are usually deficient in 
potash, a 3-9-18 or similar fertilizer usually increases yields. 
On loam types of soil, the 5-10-10 should be used more frequently, 
and on sandy types of soil, an 8-10-6 or similar analysis would 
come nearer meeting the needs of the crop. Whenever nitrogen 
becomes a limiting element as manifested by yellow lower foliage 
and stunted plants, surface application of nitrogenous fertilizers 
should be made. If irrigated, the responses can be expected within 
a day or two after the fertilizer is applied. N itrate of soda, sulphate 
of ammonia, ammonium nitrate, and urea are all suitable for this 

purpose. 

Varieties. Cabbage is arbitrarily divided into three types ac¬ 
cording to shape; the pointed-, the round-, and the flat-headed 
types. Cabbage may also be classified as savoy, in which case the 
leaves are more crinkled or wrinkled, and as red cabbage. As the 








Fig. 104. Harvesting cabbage on tlie W. S. Roebuck farm, Fort Wayne, 
Indiana. 


name indicates, the latter cabbage has red or purple foliage. The 
principal pointed varieties are Charleston Wakefield and Jersey 
Wakefield. A yellovvs-resistant, pointed-headed type is Jersey 
Queen. (See Figure 103.) 

The most important early round-headed types are Golden Acre 
and Copenhagen Market. Marion Market is a round-headed, yel- 
lows-resistant variety. Important second early varieties include 
Glory of Enkhuizen and All Seasons. Wisconsin All Seasons and 
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Globe are wilt-resistant types. Important late varieties include 
Danish Baldhead and Wisconsin Hollander No. 8. Wisconsin 
Hollander is a yellows-resistant variety. The savoy varieties in¬ 
clude Perfection, Drumhead Savoy, Chieftain, and Early Curled 
Savoy. 

Harvesting. The heads are cut off with a knife and are usually 
hauled to a packing shed where they are packed in crates or sacks. 
The tendency is to use smaller-sized crates and sacks. (See Figures 
104, 105, 106, and 107.) 

Storing. Only heads which are free from disease and insect injury 
as well as mechanical injury should be stored. The late varieties 
which mature in cool weather and contain a relatively large 
amount of carbohydrates store better than those which are grown 
quickly with a surplus of nitrogen in the early season when the 
temperatures are high. The heads should be stored at a tempera¬ 
ture of approximately 32° F. and with a humidity of from 92 to 
95 per cent. These temperatures can be provided best in cold 
storages but it is often possible to secure approximately the same 
temperatures in common storage. Home gardeners and market 
gardeners who store small quantities usually pull the heads up 
with the roots attached and place the heads upside down in long 
piles and cover them with soil and litter when the temperatures 
get cooler in the fall of the year. The heads should not be pulled 
for storage until freezing temperatures are anticipated as rots 
will start if the product is placed in common storage when the 
heads are warm. If the humidity is much below 92 per cent, a 
great deal of shrinkage will result from excessive evaporation. 

Diseases. Yellows, caused by Fusarium conglutinans, is one of 
the most important diseases. When once introduced into a soil, 
it lives indefinitely and reduces yields by clogging the fibrovascu- 
lar bundles, thus interfering with the intake of water and the trans¬ 
location of food materials. The best control is crop rotation and 
the use of yellows-resistant varieties. Care should be taken to make 
sure that the seed beds are free from the disease. Steam sterilization 
is very effective in killing the organism. If the plant bed is dis¬ 
eased, the disease will be carried to the field, thus inoculating 

large acreages in a very short period of time. 

Clubroot, caused by Plasmodiophora brassicae, also lives in the 
soil for several years. It causes enlargements on the roots, and the 
plants wilt during the warmer portions of the day. The disease 













Fig. 107. This cabbage was crated in the field near Boston, Mass. 


can be controlled by adding hydrated lime to the soil just prior to 
planting at the rate of 1000 to 1500 pounds per acre. Rotations and 
care in eliminating the disease from the plant beds by steam 
sterilization are effective controls as the disease does not live in 
the soil as long as yellows. 

Root knot, caused by an animal parasite or eelworm (Heterodera 
radicicola), also causes enlargements of the roots. Rots start where 
the punctures of the parasite permits the entrance of rot organisms. 
The most effective control is to rotate crops and to include grass- 
crops such as oats, rye, timothy, millet, sorghum, and wheat in the 
rotation, as the pest cannot grow on these crops. The organism 
should be freed from seed beds by adequate steam sterilization. 

Blackleg, caused by Phoma lingam, as the name indicates, causes 
a blackening on the stem of the plant near the ground, resulting 
in the killing of tissue so that the plants wilt and die if the stem is 
girdled. As the spores mature, they form black specks on the 
plant. The control consists of crop rotations and seed treatment. 
Corrosive sublimate, 1-1000 for 30 minutes is one of the most ef¬ 
fective treatments. Hot water at 122° F. for from 25 to 30 minutes 
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is also effective. If the hot water treatment is used, great care should 
be taken to avoid higher and lower temperatures. Higher tempera¬ 
tures destroy germination and lower temperatures are not effec¬ 
tive in controlling the disease. Seed bed treatment with corrosive 
V sublimate controls blackleg as well as cabbage maggots. 

Black rot is caused by a bacterium, Phytomonas campestre. 
It frequently enters through the seed or through the pores at the 
edges of the leaves. Seed treatment as recommended for blackleg 
and the treatment of the seed bed is especially effective in the pre¬ 
vention of this disease. 

Insects. Cabbage maggot, caused by Hylemyia brassicae, is a 
small, white larvae of a fly somewhat smaller than the common 
house fly. The flies emerge in the spring and lay small, elongated, 
whitish eggs at the base of the plant either in the plant beds or in 
the field. The most effective control is the application of small 
amounts of 1-1000 corrosive sublimate around the base of the 
plants. As indicated previously, the corrosive sublimate destroys 
most metals and metal containers and should, therefore, be coated 
with asphalt before use in the distribution of corrosive sublimate. 
Chlordane (.1% concentration) has been very effective for the 
control of cabbage maggots. 

Imported cabbage worm (Pontia rapae) is the larva of a small 
white butterfly. It may be controlled with .5 per cent rotenone or 
with DDT. Lead arsenate is much more effective than calcium 
arsenate, however, neither of these materials should be used be¬ 
cause the rotenone is far more effective and nonpoisonous to 
human beings. Dusting is usually preferred to spraying because 
the spray material does not adhere easily to the surface of the 
cabbage. The insect is effectively controlled by hymenopterous 
wasplike parasites. These minute insects feed on the inside of the 
worm and eventually emerge and spin a white cocoon. Growers 
should be careful not to destroy these cocoons. (See Figure 109.) 

Cabbage looper {Autographa brassicae) is the larva of a moth 
resembling the cut worm moth and can be identified by its pe¬ 
culiar looping action when it travels. The control is the same 
as recommended for the imported cabbage worm. 

The southern cabbage worm {Pontia protodice) is a purplish- 
yellow, striped larva with yellow spots. The control is the same 
as for the imported cabbage worm. 

Other cabbage worms include the diamond black moth, cabbage 
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web worm, |)urj)lc backed cabbage worm, and zebra caterpillar. 

All can be controlled with rotenone or DDT. 

Cabbage aphis bd/z/tA brassicae) often becomes very injurious 
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when the wasplike hymenopterous parasites are not active. They 
are very resistant to contact insecticides, especially during cool 
weather when the nicotine from nicotine preparations is not 
volatized. Free nicotine generated by special heating devices when 
liberated under canvas is fairly effective even during cool weather. 
The proprietary compound NNOR is reasonably effective against 
the cabbage aphis. 

Harlequin cabbage bug (Murgantia histrionica) is, when full 
grown, about two-fifths of an inch long and mottled red, black, 
and yellow in color. Since the bug sucks the juice from the plant, 
it must be killed by contact insecticides. DDT and 666 are both 
fairly effective for this purpose. 

Cauliflower. Cauliflower (Brassica oleracea), variety botrytis, 
is grown for its hypertrophied stem tissue which is designated as 
a curd. Approximately 32,000 acres of cauliflower are grown in 
the United States each year. California produces over one-half 
the acreage with New York, Colorado, Oregon, and Arizona rank¬ 
ing second, third, fourth, and fifth respectively. 

Climate. Cauliflower is a cool-season crop, although it will not 
stand temperatures as low as cabbage. During hot weather, the 
curds do not form or they are formed with leaves dispersed among 
the sections of curds so they are unmarketable. It also requires 
an abundant supply of moisture and nitrogen. 

Soils. Muck soils or deep, loamy soils are preferred although 
sandy soils are excellent if ample moisture and nitrogen are 
supplied. Good drainage is imperative during the wet seasons. 
The soil should be sweet, that is, have a pH value between 5.5 
and 7.0. On more acid soils, the cauliflower becomes misshapen. 
A condition known as whiptail is characteristic of cauliflower 
grown on extremely acid soils. 

Fertilizers. As already indicated, a fertilizer high in nitrogen 
is needed in order to produce the vegetative type of growth essen¬ 
tial for good curd formation. A 5-8-7 or 5-10-10 fertilizer at the 


rate of 1000 to 2000 pounds per acre, supplemented with nitrogen 
whenever needed is recommended. From 1 to 3 supplemental 
nitrogen applications at the rate of 200 to 400 pounds per acre of 
nitrate of soda or sulphate of ammonia are usually essential. If the 
soils are heavy, manure should be used in order to lighten the soil 
and to increase the moisture-holding capacity. 

Cultural practices. Cauliflower is usually grown by sowing the 
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seed in specially prepared seed beds, transplanting the seedlings 
when the first true leaves appear so that the plants stand about 1 1/2 
inches apart, and then setting the plants in the field after they are 
5 or 6 weeks old. Four ounces of seed will produce sufficient seed¬ 
lings for an acre. If sterilized soil is used for the seed and seedling, 
damping-off and similar diseases will be effectively controlled. 
Seed treatment, as indicated in chapter 13, is also useful in con¬ 
trolling the diseases which are carried in and on the seed. 

TABLE 34 


Cauliflower: Acreage, Production, and Yield per Acre of Leading 

States and of Total States 


State 

1 

Acreage harvested 

Production (crates) 

Yield per acre 
(crates) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

California. 

15,420 

18,150 

4,327,000 

6,279,000 

281 

346 

New York. 

6,880 

8,000 

2,019,000 

2,391,000 

293 

299 

Colorado. 

3,090 

3,650 

786,000 

949,000 

252 

260 

Arizona. 

570 

1,500 

170,000 

562,000 

287 

375 

Oregon. 

890 ' 

1850 

233,000 

634,000 

262 1 

342 

United States. 

29,590 

36,920 

8,251,000 

11,841,000 

278 

321 


The plants for the early crop in the northern states are set out 
as soon as the danger of hard frost is over in order to mature a 
crop before the heat of summer. The fall crop in the same area 
is set in the field during July so that the crop is matured before 
killing frosts in the fall. The plants are usually set from 18 to 30 
inches apart in the rows with the rows 3 feet apart. In California 
the broccoli type of cauliflower is sown in late summer for a fall, 

winter, or early spring crop. 

Varieties. Snowball and Erfurt are the two most popular varie¬ 
ties of cauliflower. The strain of seed is often more important than 
varieties and great care should be taken to use desirable strains. 

Cultivation. Cauliflower should be given shallow cultivation 
and only frequent enough for the control of weeds, because the 
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cauliflower roots are usually formed very near the surface of the 
soil. Deep cultivation is sure to cause more damage than good. 

Blanching. Only pure white heads are accepted on the market 
and it is necessary to exclude light in order to blanch the curds. 
In the spring of the year when the sunlight’s intensity is greatest, 
more care should be used to exclude light than during the fall of 
the year. Light is usually excluded by tying the heads with straw, 
raffia, or twine as far as possible above the curds when they first 
form. This will permit the curds to develop without rupturing 
the leaves. If different colored twine is used on successive days, 
it is possible to predict with considerable accuracy when the curds 
will be ready for harvesting. It will take longer for the heads to 
attain marketable size during cold weather than during warm 
weather. Two or 3 days will be sufficient during warm weather but 
from 8 to 12 days may be required during cold weather. As soon 
as the heads reach marketable size they should be harvested, other¬ 
wise the leaves will rot and the heads will discolor. 

Harvesting. Care should be taken to harvest the curds before 
they begin to rice or to become discolored. Usually the plant is 
cut off well below the head with a sharp knife and the leaves are 
trimmed from one-half to 1 inch above the head. These leaves 
protect the head against bruising in transit. The heads, after being 
graded for size, are usually packed in crates. (See Figure 65.) For 
retail sale, leaves have been trimmed from the curds and the curds 
have been exposed in cellophane packages. This eliminates a tre¬ 
mendous amount of waste which can be used profitably on the 
farm for organic matter. 

Storing. Cauliflower, with the leaves attached, can be stored for 
30 days at 32° F. When packaged in cellophane the storage life 
at 32° F. is not longer than 20 days. 

Diseases and insect pests. Cauliflower is attacked by the same 
diseases and insects as cabbage, and the control is the same in 
practically all instances. Arsenicals should never be used on cauli¬ 
flower especially after the curds begin to form. Cauliflower is 
somewhat more subject to an internal breakdown due to a de¬ 
ficiency of boron and whenever this internal breakdown appears, 
steps should be taken to insure an adequate supply of boron. 
(See chapter 5.) 

Whiptail is a physiological disorder which causes the leaves to 
become narrowed with more or less ruffled, irregular margins. It 



VEGETABLE SCIENCE 


300 

IS commonly assumed to be caused by acid soils and liming usu¬ 
ally corrects this condition. • 

Broccoli. The culture of the cauliflower broccoli which is in 
reality a late cauliflower is the same as cauliflower. This crop is 
grown commonly in California and Oregon. Sprouting broccoli, 
which is classified as Brassicae oleracea, variety Italica, is grown 
very much the same as cauliflower, excepting that the heads are not 
blanched. Furthermore, the smaller heads arising from side shoots 
provide a continuous harvest after the plants have started to bear 
which requires from 100 to 125 days from the time the seed is 
sown. Because of the branching habit of this crop, the plants are 
usually set from 18 to 30 inches apart in rows which are 3 or 4 feet 
apart. Calabrese is the most widely grown variety. 

HaTvcsting. The marketable portion consists of the hypertro¬ 
phied stem and the immature flower buds. It is essential that the 
heads be harvested before the flower stems start to elongate. The 
shoots are easily tied in bunches, packed in crates, and top-iced. 

Insects and diseases. The same insects and diseases that attack 
cauliflower also attack broccoli and control measures are the 
same. 

Brussels sprouts. Brussels sprouts {Brassicae oleracea), variety 
gemmifera, are grown for the small leaf buds or heads that grow in 
the axils of leaves. 

Culture. The crop will stand slightly colder temperatures than 
cauliflower and requires a somewhat longer season for maturity. 
Because it requires a longer, cooler growing season it is grown 
extensively on Long Island and on the Pacific Coast. The plants 
are grown much the same as cabbage and cauliflower and are set 
out in June or early July for the late crop so that they stand 
2 or 3 feet apart in rows which are 3 or 4 feet apart. Fertilization 
and cultivation are the same as for cauliflower. 

Harvesting. If the lower leaves are removed as they begin to 
turn yellow it gives the sprouts or small heads a better chance to 
mature. The sprouts are easily broken away from the stalk. They 
are usually trimmed and placed in quart-berry boxes and packed 
thirty-two in a berry crate. They are also placed in small kegs 
and are top-iced when shipped a considerable distance. 

By pulling the plants when freezing weather arrives it is possible 
to store them in a cool place after which, if they have been stored 
at approximately 32° F,, the sprouts may be harvested throughout 
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Fig. no. Sprouting broccoli at the A 8c P warehouse in Columbus, Ohio. 
Note the ice and parchment paper. 
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the winter. Before storage, the outer leaves should be completely 
removed in order to conserve storage space. 

Insects and diseases. The insects and diseases are the same as 
for cauliflower and their control is also the same. 

Kohlrabi. Kohlrabi (Brassica caulorapa) is grown for its en¬ 
larged hypertrophied stem, the enlargement forming a few inches 
above the surface of the soil. 

Culture. The seed is usually sown in drills with the rows 18 
inches apart for hand cultivation and from 24 to 30 inches apart 
for horse cultivation. The plants are thinned to 6 or 8 inches 
apart in the row. In order to insure succulent growth, the plants 
should be fertilized heavily, especially with nitrogenous fertilizers, 
and supplied with adequate moisture. Growth during the cool 
seasons is usually more tender than that produced during hot 
weather. The most popular varieties are White and Purple Vi¬ 


enna. 


Harvesting. The crop is harvested when the enlarged stems 
reach the diameter of 2 or 3 inches although during the cool 


weather of fall they often reach a much larger size before becoming 
tough and woody. The roots are cut off and the plants are tied to¬ 


gether in bunches like beets or carrots. 

Chinese cabbage. Chinese cabbage [Brassica pekinensis and 
Brassica chinensis) produces elongated leafy buds similar in shape 
to Cos lettuce. Kraus has divided Chinese cabbage into seven 
different groups. Chihili is the most popular variety and has obo- 
vate leaves and long heads with a pointed apex. Pe-tsai is a common 
variety which has small, shorter heads with leaves curving outward 
at the tips. Wong-Bok has more nearly rounded heads with leaf 
tips overlapping. He lists four groups of plants that do not form 
true heads. These types are of little commercial importance. Varie¬ 
ties included in these groups are Hagaromo, Giant Shuntang, 


Santo-Sai, and New Joy. i u u 

Culture. Chinese cabbage goes to seed very easily when sub¬ 
jected to a temperature of 40° or 50° F. for 30 days or longer. Seed 
which is sown very early in the spring in northern climates in¬ 
variably produces seed stalks rather than marketable products 
Even transplanted seedlings will produce flowers and seeds it 
arown in a cool plant bed and set out too early. For this reason 
the bulk of the crop is usually sown in the open (1 pound per acre) 
during August with the rows from 15 to 30 inches apart depending 




Fig. 111. Chinese cabbage in the Ohio State University gardens. 


upon whether hand or horse cultivation is used. The plants are 
thinned to stand from 12 to 15 inches apart in the row. Fertiliza¬ 
tion is the same as for cauliflower. The crop does especially well 
on muck soils. 

Harvesting. When they become solid, the heads are harvested 
by cutting the stalk slightly below the crown. Most of the crop 
is packed in flat baskets, crates, or in lettuce boxes. If shipped for 
considerable distances, they should be top-iced. 

Storage. Chinese cabbage can be stored the same as cabbage 
but great care should be used in maintaining a high humidity in 
the storage. Wrapping with parchment or wax paper also helps to 
keep the heads from Avilting. 

Diseases and insect pests. The diseases and insect pests that 
attack Chinese cabbage are essentially the same as those that attack 
the other members of the Brassicaceae family. Chinese cabbage is 
especially susceptible to cabbage maggots and it is often necessary 
to treat the soil with corrosive sublimate late in the season in order 
to get a satisfactory growth. Flea beetles also frequently attack the 
crop and it is necessary to spray or dust with rotenone for their 
control as well as for the control of several cabbage worms. 

REVIEW QUESTIONS 

1. Name five cole crops. 

2. Why cannot Chinese cabbage be grown as a spring or early 
summer crop? 
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3. What is the edible portion of the kohlrabi plant? 

4. Describe broccoli, Brussels sprouts, and cauliflower, 

5. What two diseases of cabbage are partially controlled by seed 
treatment? 

6. How is cabbage yellows controlled? 

7. What disease of the cole crops is controlled by liming the soil? 

8. Compare the value of commercial fertilizers and manure for 
fertilizing cabbage. 

9. How would you treat cabbage plants in order to enable tliem 
to withstand a temperature of 20° F.? 

10. Name two important varieties of cabbage. 

11. What is the edible portion of the cauliflower? 
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chapter 21 


Perennial Crops 


Perennial crops, which include asparagus, rhubarb, globe arti¬ 
choke, Jerusalem artichoke, and sea kale, should be planted on 
one side of the garden or in out-of-the-way strips of ground which 
cannot be plowed conveniently. This principle applies to the 
commercial as well as to the home garden. Horse-radish is some¬ 
times grown as a perennial crop and when so grown, should be 
planted with this group of crops. The commercial gardeners, how¬ 
ever, usually grow horse-radish as an annual or biennial crop. 

Asparagus. Asparagus (Asparagus officinalis) is a native of Eu¬ 
rope and Asia and is a member of the lily family. It is one of the 
first crops to reach marketable condition in the spring. It usually 
is a fairly profitable crop and may be made even more profitable 
if the grower is prepared to freeze the product or to sell it to a 
canner if the price reaches a low level. Like most green vegetables, 
it is a fairly good source of Vitamin A, B^, B 2 , and C. 

The acreage in the United States grown for market gardening 
and canning increased from approximately 30,000 acres in 1918 
to 131,910 acres in 1944. Of the 1944 acreage, 85,980 acres were 
grown for the fresh market and 45,930 for canning. California, 
New Jersey, Washington, Illinois, and Michigan, iii the order 
named, produced the most asparagus for the fresh market. Prac¬ 
tically all of the asparagus grown for canning was produced in 
California. However, small acreages are being grown for canning 
in several of the mid-eastern states. 

Plant characteristics. The underground portion of the asparagus 
plant consists of rhizomes, fleshy roots, and fibrous roots. The 
fleshy roots function both in storage and absorption. Fleshy roots 
arise each year from the rhizomes and the fibrous roots, which 
serve primarily as absorptive organs, arise from these fleshy roots. 
The fibrous roots die back each fall and new ones develop the fol¬ 
lowing spring. The rhizomes and the fleshy roots store most of the 
food material which is utilized in the growth of the marketable 
spears harvested in the spring. The spears or aerial stems arise from 
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the rhizomes (underground stems) and the buds which produce the 
edible spears are produced during the summer and fall growing 
period. The true leaves are scalelike and are found at the nodes 
subtending the main branches and the cladophylls (stem tissues 
which function as leaves). The asparagus plant is normally dioe¬ 
cious and the flowers occur in the axils of the scale leaves. Insect 
pollination is the normal method of transfer of pollen. The fruit is 
a spherical berry with three locules, each containing two seeds, 
making six seeds per fruit. The fruit at maturity attains a bright 

TABLE 35 


Asparagus: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

Acreage 

HARVESTED 

Production (crates) 

Yield per acre 
(crates) 

10-ycar 

average 

1934-1943 

1945 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

New Jersey.! 

15,380 

22,500 

2,099,000 

3,150,000 

136 

140 

California. 

27,470 

16,040 

1 

2,498,000 

1,476,000 

91 

92 

Washington. 

5,290 

9,400 

760,000 

1,504,000 

138 

160 

Illinois. 

6,260 

8,000 

568,000 

800,000 

90 

100 

Michigan. 

2,660 

1 

4,700 

278,000 

470,000 

100 

100 

United States. 

77,060 

77,120 

7,549,000 

8,676,000 

97 

112 


red color. Asparagus seed germinates very slowly and some growers 
hasten the germination by soaking the seed for 3 or 4 days at a 
temperature around 90° F. 

Soils, manures, and fertilizers. An established asparagus patch 
should yield a profitable crop for from 16 to 20 years. Because of 
the difficulty in applying fertilizers at the proper depth to estab¬ 
lished asparagus fields, the soil should be well enriched with phos¬ 
phate and potash prior to planting. Asparagus is a semi-xerophytic 
type of plant that can stand high concentrations of fertilizers. At 
least a ton per acre of 0-12-12 should be plowed under at a depth 
of 8 or 9 inches before the asparagus plants are set in their perma¬ 
nent growing field. In soils which are not well supplied with or- 
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ganic matter, some nitrogen should be plowed under at the same 
depth, using the less leachable forms of nitrogen, such as sulphate 
of ammonia or cyanamide. Since the marketable portion comes 
from the food reserve (largely carbohydrates) stored up in the 
roots during preceding seasons, it is possible to increase or decrease 
the current season’s production by the amount of soluble nitrogen 
which is available. During seasons when prices are high, growers 
may find it profitable to add a surface application of sulphate of 
ammonia, cyanamide, or nitrate of soda. This soluble nitrogen is 
washed down to the roots and combines with the reserve carbo¬ 
hydrate supply, thus increasing the production of spears. However, 
care must be used not to exhaust the reserve in the roots to such 
an extent that the plant is unable to recover and make proper 
growth after the cutting season. When the spears become small 
after the growing season has progressed from 7 to 10 weeks, cutting 
should be discontinued, as the small sizes of the spears indicates 
that the food reserve is becoming exhausted. 

Because asparagus is a semi-xerophytic type of plant and is able 
to withstand heavy concentrations of soluble salts, it has been a 
common practice, especially of home gardeners, to apply salt to 
the asparagus patch in order to kill the weeds. This, however, is 
not a good practice, as the field may be rendered unproductive 
for other crops for a number of years after the asparagus patch has 
been discarded. It is possible that in a few instances smaller appli¬ 
cations of sodium chloride may increase yields, because there is 
the possibility that sodium may replace calcium. However, the 
chances that salt will be beneficial are so meager that its use is 
generally unwarranted. 

Asparagus grows best when the soil reaction is between pH 6.0 
and 6.8. However, it is one of the few vegetables which will gener¬ 
ally make a satisfactory growth on slightly alkaline soils. 

Since asparagus crowns are usually planted at a depth of from 
5 to 8 inches, it is essential that the soil be loose and friable. For 
this reason, asparagus is commonly grown on sandy soils, delta 
soils, or other soils which are enriched with a good supply of or¬ 
ganic matter. Most gardeners frequently apply large amounts of 
manure to the plot where they expect to plant the asparagus in 
order to loosen the soil. Since the asparagus roots are planted at a 
considerable depth in order to insure an adequate supply of mois¬ 
ture and a reasonably cool temperature in the heat of summer, it 
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is essential that the land be well drained. Growers should guard 
especially against placing the roots over a shallow hardpan. 

Growing asparagus plants. Asparagus seed germinates very 
slowly, and it is very difficult to grow the seed in the permanent 
bed and control the weeds. Moreover, a large number of plants 
can be grown on a small area and thus effect a saving in the use of 
land. Since the seed germinates slowly, it is advisable to plant a few 
quick-germinating seed of some other crop with asparagus seed, in 
order to mark the rows for early cultivation. Asparagus seed, along 
with radish (one ounce of radish seed per pound of asparagus seed) 
or other quick-germinating seed, is usually planted with a seed drill 
so that the seeds are 3 or 4 inches apart in rows which are from 14 to 
18 inches apart. Germination tests should be conducted before 
planting the seed and the rate of planting adjusted accordingly. 
Approximately 8 pounds of seed per acre will produce 100,000 or 
more good plants. The plants should not stand closer than 3 inches 
apart in the rows, because the roots intertwine and it is difficult to 
separate the plants without injury to the root system. Moreover, it 
is almost impossible to thin asparagus plants, as new plants will 
come up from the food reserve, which is already considerable in the 
young roots. By soaking the seed for 3i^ days in water prior to 
planting, it is possible to promote more rapid germination. The 
surfaces of soaked seeds must be dry in order to insure an even flow 
through seed drills. However, the practice of marking a row with 
radish plants is preferable because the soaking process may be in¬ 
jurious to the seed, and even soaked seed will not come up rapidly 
if the temperature remains cold after planting. The importance of 
marking the row with radish or other quick-growing plants for 
early cultivation cannot be overemphasized because the asparagus 
seedlings, even after they appear above the surface of the ground, 
are hard to see, and many gardeners have spent unreasonable 
amounts of time in controlling weeds in young asparagus patches. 

The young plants are usually left in the soil until planting time. 
However, they can be dug and stored in shallow trenches over 
winter for spring planting. The ordinary precautions for storage 
of vegetables must, however, be observed. (See chapter 11.) Pur¬ 
chased crowns may be inferior because of storage injury, careless 

and crowding in the seed bed. 

Planting in the permanent bed. It is best to plant one-year-old 
roots as early in the spring as possible. One-year-old roots are 
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preferred to two-year-old roots because the transplanting injury 
is excessive if the older roots are used. A few growers prefer to 
select male or female plants, but in order to determine the sex, it 
is necessary to wait until the second year. Experiments have proved 
that the male plants will produce a greater total crop but that the 
individual spears will be smaller than those from the female plants. 
Since there is a definite demand for large asparagus spears, it 
is questionable whether the slightly increased yield secured from 
the male plants brings any greater total return. For this reason 
it is advisable to use one-year-old roots and not attempt to separate 
the male and female plants. However, all crowns producing small 
and spindly buds should be thrown away and only the more 
vigorous-growing plants set out. 

Planting the asparagus crowns. As already indicated, the perma¬ 
nent field should be thoroughly fertilized prior to planting the 
crown. The soils should be plowed at least 8 or 9 inches deep with 
fertilizer laid in the bottom of the plow furrows. The furrows can 
be made with a double mold-board plow, with deep listers, or by 
running a turning plow twice in the same row. The crowns 


should be placed at least 5 inches under the surface of the soil, 
and in most soils 7 or 8 inches would probably be better. This 
means that they must be planted in the bottom of a fairly deep 
furrow. For green asparagus, the rows are commonly from 4 to 6 
feet apart and from 6 to 10 feet for blanched asparagus. The plants 
are usually set from 12 to 18 inches apart in the row. The selected 
roots are placed on a small mound of soil in the bottom of the 
furrow. Fall-planted roots should be given an additional mulch of 
rotted manure or chopped wheat, rye, or barley straw free from 
seeds. Fall-planted fields must be on level, well-drained plots of 
ground; otherwise, furrows and plants will be subjected to erosion; 
some plants will be washed out, and others will be covered too 
deeply. As soon as the plants start to grow in the spring, the soil 
can be gradually worked in around the plants. Care should be used 
not to cover the crowns too deeply at any one time. The mulch over 
fall-planted crowns should be raked aside after the danger from 
freezing and thawing is past. This is especially true if the mulch is 
deep enough to interfere with the growth of the spears. Missing 
hills should be replanted the first year as soon as they are dis¬ 


covered. 
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Asparagus should not be cut the first season unless it makes 
an excellent growth, and then only for 1 or 2 weeks. Harvesting 
the second season should extend not longer than 3 or 4 weeks, or 
the yield for subsequent years will be ^eatly reduced. Most grow¬ 
ers do not harvest a crop until the third year after the asparagus 

has been planted in the permanent field. 

Cultivation. Some growers plant other small growing crops, 
such as beans, cabbage, and lettuce, between the asparagus rows 

during the first year. 

Most growers, however, do not intercrop, but cultivate suf¬ 
ficiently to kill weeds. The weeds in the rows can be killed 
rather easily by disking the field before the spears start to grow in 
the spring, and at the end of the cutting season if weeds are es¬ 
pecially troublesome. For this purpose, the disk should be set very 
shallow and great care taken to prevent injuring any of the aspar¬ 
agus crowns. During the cutting season many growers make a 
practice of throwing successive thin layers of dirt above the aspar¬ 
agus rows in order to smother weeds. By the end of the cutting 
season this practice may result in a ridge of dirt 4 or 5 inches high 
above the row. This ridge is leveled off at the end of the cutting 
season. Cyanamide has been used to control the growth of weeds 
in the rows. When used at the rate of 250 (one pound for 35 feet of 
row) to 500 pounds per acre in a strip from 12 to 18 inches wide 
over the row, it is possible to control many of the broadleafed an¬ 
nual weeds. The chemical, 2, 4-D (.5 to 1.5 pounds per acre) ap¬ 
plied at the base of growing plants shows some promise for weed 
control in established plantations. However, asparagus crowns 
gradually grow upward, and when they get so near the surface 
of the soil that it is impractical to kill the weeds in the row early 
in the season with tillage tools without injuring the crown it is 
time to start another bed. The old tops should be disked under 
after they are completely dead. The old practice of burning the 
dead tops wastes organic matter. 

Harvesting the crops. Asparagus may be grown for either 
blanched or green spears. Blanching is accomplished by mounding 
up the soil over the crowns with special tillage tools. Blanched 
asparagus is tougher than the green asparagus, is devoid of vitamin 
A, and in general is an inferior product. However, it stands up 
better under high temperatures which are used in processing the 
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canned product and so a great deal of blanched asparagus is still 
grown for canning. However, the public is demanding more of 
the canned green asparagus and less of the blanched product. 

Irrespective of the type of product which is grown, it is essen¬ 
tial to be extremely careful in harvesting the spears. A special 
notched asparagus knife is commonly employed for cutting the 
spears. If the operator is careless, young spears may be cut on either 
side, in front of and behind the spears which are being harvested. 
If the tips of these young spears are destroyed, they never reach 
marketable maturity. Thus it is possible for careful harvesters to 
harvest four times as much marketable asparagus from a given area 
as is secured by careless help. 

Breaking or snapping the tips has several advantages over the 
older cutting method. It is quicker, cheaper, and only the edible 
portion is removed from the field. The tough lower portions of 
the shoots are returned to the soil as organic matter, and the pur¬ 
chaser does not pay for waste nor does he have to go to the added 
expense of separating the fibrous from the edible portions. Obvi¬ 
ously the buyer should pay more for snapped than for cut aspara¬ 
gus. Since the eggs of asparagus beetles may hatch on the bases of 
the spears left in the field it may be necessary to exercise a little 
additional care in the control of this pest. 

The lignin content of asparagus increases rapidly after har¬ 
vesting, especially at high temperatures. Since lignin causes the 
cells to become hardened, it is essential to use the spears as soon 
after harvest as possible. Spears which are shipped long distances 
or stored should be held at 32° F. if possible. Wilting can be pre¬ 
vented by wrapping the spears in parchment paper and by placing 
the butts on moistened sphagnum moss. The asparagus shoots are 
usually cut when they are 8 or 10 inches long. For processing 
purposes, they are usually placed in boxes or crates and sent to the 
cannery or to the freezing plant without further preparation. If 
they are to be sold on the local market, they are frequently tnade 
into small bunches which are held in place by rubber bands, these 
bunches average about one-half pound in weight. For shipment 
to distant markets, special bunching machines are used which 
place about 2i/^ pounds in a bunch. Tape is frequently used to 
fasten the spears together. In all instances, the butts of the bunched 
asparagus should be cut off perpendicular to the long axis of the 
bunch, so that the lower ends present an attractive appearance 
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with all of the spears in each bunch the same length. Since the 
butts are greater in diameter than the tips, the asparagus is com¬ 
monly packed in special wooden boxes which have a greater width 
at the bottom than they do at the top. Twelve 2i/ 2 -pound bunches 
are usually packed in a crate. If the asparagus is dirty, it should 

be washed before it is bunched. 

There is a very definite consumer preference for green spears, 
and the greater the length of the blanched spears at the base the 
less desirable the product. The blanched lower ends are usually 
tough. During warm weather the crop should be harvested every 
other day in order to have spears from 6 to 10 inches long. Spears 
that are green from tip to base are in greatest demand. 

Varieties. Mary and Martha Washington varieties are fairly re¬ 
sistant to rust and should be used in preference to other varieties. 
Palmetto, Reading Giant, Argenteuil, and Paradise are partially 
rust-resistant and are planted occasionally. 

Insects and diseases. Asparagus rust (Puccinia asparagi) is the 
most serious disease of asparagus. There are two kinds of spores, 
those causing reddish-yellow spots and those which form later in the 
season, causing brown or dark-colored areas. Another stage which 
develops very early in the season produces oval-shaped, light 
green-colored spots. The most practical control of asparagus rust 
is the use of rust-resistant varieties, such as Mary and Martha 
Washington. 

There are two species of beetles, the striped beetle (Crioceris 
asparagi), and the 12-spotted beetle {Crioceris 12-punctata). The 
injury from the striped asparagus beetle is caused by both the 


adult and the larvae. On the other hand, the larvae of the 12-spotted 
beetle feeds within the berries, where it is impossible to apply 
arsenicals. This makes it rather difficult to control this species. 
The adults of both species and the larvae of the striped asparagus • 
beetle can be controlled by dusting the foliage with a mixture of 
one part calcium arsenate and one part gypsum while the dew is 
on. Rotenone dust (.75 per cent) is also effective. Sprays do not ad¬ 
here to the foliage unless a sticker is used. Stickers gum up the out¬ 
fits and are not commonly used. If, during the cutting season, care 
is taken to remove all of the shoots including the unmarketable 
ones, both insects can be kept in fairly good control, as there will 
be no food for them during the entire cutting season and no place 
to deposit eggs. If, however, a young patch is being started beside 
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an established plantation, it will become necessary to dust for the 

control of the beetles which feed on the cladophylls and stems of 

the young plants. The leaves of asparagus are restricted to a leaf 
scale at the base of each cladophyll. 

Rhubarb. Rhubarb [Rheum Rhaponticum) is a native of north¬ 
ern Asia and is grown for its thick leaf stalks or petioles. It is one 
of the most acid of all vegetables, the juice having a pH value of 
about 3.2. Consequently, the petioles are commonly used for 
sauces much the same as fruit. 

Rhubarb produces the marketable crop early in the season from 
food which has been stored in the woody rhizomes and fleshy roots 
the preceding season. As the season advances, many plants produce 
hollow flower stalks which should be broken off in order to pre¬ 
vent the formation of seed. Seed does not produce plants true to 
variety, therefore rhubarb is commonly propagated by the division 
of the clumps. Rhubarb from a productive plantation is usually 
dug in the fall or early spring and rhizomes with buds attached 
separated by means of a sharp spade. These divisions are planted 
in trenches so that the crown is about 2 inches underneath the sur¬ 
face of the soil. Crowns are set 2 or 3 feet apart in rows that are 
from 4 to 6 feet apart. The soil should be prepared and fertilized 
in much the same way as for asparagus, except that rhubarb will 
not tolerate as high a concentration of fertilizers as asparagus. 

Rhubarb is very resistant to cold and dry climates. It is dormant 
during the winter in northern climates and during the dry period 
in southern climates, although it grows throughout the year if 
water is available and if the climate is favorable. Rhubarb does not 
do well in the south, except in the mountainous regions, because 
of the extreme heat. 

Shallow cultivation should be given with sufficient frequency 
. to control weeds. Many gardeners mulch with manure in order to 
hold the weeds in check and to supply additional fertilizer. If 
strawy manure is used, it may become necessary to add nitrogen in 

order to prevent nitrogen starvation. 

Varieties. MacDonald and Cherry Red are both popular new 
high-colored varieties. Victoria, Linnaeus, and Mammouth Red 
are standard popular varieties. 

Harvesting. Harvesting should be delayed until the second year 
and then should last only for a short period. Beginning the third 
year, the harvest period may extend from 8 to 10 weeks or until 
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the leaf stalks become rather small, indicating that the food reserve 
in the rhizomes has been nearly exhausted. If a finger is inserted 
between the petiole and the heart of the plant, the petiole may be 
severed without leaving an appreciable amount of stub at the base. 
Large stubs may become diseased and will cause the rhizomes to 
rot. If the broad leaves are cut off, the petioles will wilt less 
quickly. In preparing for market, rhubarb is usually secured in 
bunches by rubber bands or with string. Tying machines may be 
used for tying the bunches. 

Forcing. Rhubarb forcing is a sizeable industry in Michigan, 
Ohio, and several other states. The three-year-old roots produce 
the largest yield, although older roots may be used. Older and 
younger roots frequently produce petioles which are not as large 
or desirable. In order to secure a satisfactory forced produce, it is 
necessary to break the rest period. This is usually accomplished by 
digging the roots in the fall and allowing them to remain outside 
* until they are thoroughly frozen, after which they can be lifted for 
forcing at any desirable time. It is important to cover the roots 
with a good layer of soil in order to prevent dessication during 
freezing. Severe freezing, that is, temperatures of 0° F. and lower, 
are definitely injurious. After the rest period has been broken, the 
roots are placed in darkened cellars or in specially constructed 
rhubarb-forcing structures at a temperature of about 57° F. Forced 
roots are seldom used for starting a new field. The forced product 
is usually packaged in cardboard boxes similar to the type used by 
florists. 

Insects and diseases. Crown rot {Phytophthora cactorum) causes 
sunken brown spots on the base of the leaf stalk. These enlarge and 
may kill the entire plant. There is no effective remedy. When new 
plantations are started, all plants should be carefully inspected 
and all diseased plants should be thrown away. If the disease ap- • 
pears in the field, the diseased plants should be pulled and the area 
should be disinfected with 1 to 50 formaldehyde. Some authorities 
recommend treatment of the divisions for one-half hour in 1 to 
1000 corrosive sublimate solution. After treatment the divisions 
should be washed in clean water and planted. 

Leaf spot (Phyllosticta straminella) causes irregular circular 
spots Yiq- to ^-inch in diameter, having a white center sur¬ 
rounded by a red band and a light green area on the foliage and 
petioles. Partial control may be secured by burning the old leaf 
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stalks in the field after they have been frozen and by spraying with 
8-8-100 Bordeaux early in the spring when growth starts. 

Rhubarb curculio are black snout beetles about i/^-inch long 
which puncture the stems and cause black spots. They cannot be 
controlled by sprays, and hand picking is about the only effective 
remedy. If wild dock in the vicinity of the rhubarb field is de¬ 
stroyed, the insect will not have the usual wild source of food to 
feed upon. 

Globe artichoke. Globe artichoke (Cynara scolymus) is a native 
of the Mediterranean region and is grown rather extensively in the 
European countries. The edible portion consists of a receptacle 
and the basal portions of the thick, fleshy bracts. The plant is 
propagated from seed or by offshoots. Since the seed does not al- • 
ways come true to variety, the side shoots are more commonly used. 

In the South and in other mild climates, the planting is done 
during the fall and winter. Plants may be set 4 or 5 feet apart in 
rows which may be from 3 to 6 feet apart. In regions where the 
winters are severe, it is necessary to provide winter protection. By 
cutting the plants back to about 1 foot from the ground and by 
covering with ^vashed cinders, it is possible to winter over plants 
in northern localities. 

The largest flowering buds bring the best price. They are usu¬ 
ally packed in layers in paper-lined boxes for long-distance ship¬ 
ping. Refrigerator cars are frequently used. 

Jerusalem artichoke (Girasole). Jerusalem artichoke {Helian- 
thus tuberosus) is a native of North America and is cultivated for 
its fleshy rhizome. The storage product is inulin which can be con¬ 
verted into levulose sugar by appropriate means. 

It is propagated by planting the small rhizomes much the same 
as potatoes. Since they are usually small, it is unnecessary to cut 
them. Rhizomes are planted from 12 to 18 inches apart in rows 
^vhich are 3 feet apart. If whole rhizomes are used, from 6 to 8 
bushels are required per acre. Clean cultivation should be given 
until the plants grow so large as to interfere with cultivation. They 
usually make sufficient growth so that they shut out all other vege¬ 
tation. 

The rhizomes may be dug with a potato digger after the tops 
have been removed, but the tops should not be removed until they 
are killed by frost. Rhizomes wilt quickly in storage, and it is there- 
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fore common practice to leave them in the ground until they are 
needed. 

If a supply is desired during the winter when the ground is 
frozen it is best to dig a portion of the crop and to place it in shal¬ 
low trenches covered with soil. Freezing does not injure the rhi¬ 
zomes as long as they are covered tvith soil. 

Sea kale. Sea kale {Crambe maritima) is a native of western 

Europe. It is grown for its young leaves and roots. It may be propa¬ 
gated by seeds or by cuttings. The seeds are usually planted in es¬ 
pecially prepared seed beds and transplanted to the field so that 
the plants are spaced 2 or 3 feet apart in rows which are 3 feet 
apart. Sea kale may be grown in alkali soil, as it is highly resistant 
to high concentrations of soluble salts. Young shoots, when they 
are 4 or 5 inches tall, are blanched with soil and used much the 
same as asparagus. Roots may be lifted and grown under forcing 
structures similar to the way in which rhubarb is forced. Crops 
should not be harvested until the plants have grown for two years 
in the permanent bed. Lily White is a popular variety. Sea kale is 
a crucifer and is therefore attacked by many of the same diseases 
and insect pests which attack cabbage. 

Horse-radish. Horse-radish {Armoracia rusticana) is a native of 
Europe and is grown extensively in Missouri, New York, and New 
Jersey. It belongs to the Cruciferae family and so it is subject to 
many of the same pests which attack the members of this group. 
The edible portion consists of an enlarged, fleshy root and the 
characteristic pungency is said to be due to the presence of allyl 
iso-thiocyanate (C 3 H 5 NCS) and butyl iso-thiocyanate (C 4 HgNCS). 

Cultural practices. Horse-radish is not a seed-producing vege¬ 
table; propagation is achieved vegetatively from side roots which 
are removed at the time the crop is harvested and trimmed so that 
the upper portion and portions nearest the main root retain a hori¬ 
zontal cut. The lower and usually smaller end is trimmed with a 
vertical cut. These cuttings, which should be from 6 to 12 inches 
long, are planted in trenches so that the lower portion is from 6 to 
8 inches deep and the upper (horizontally cut end) portion is 2 or 
3 inches under the surface of the soil. The cuttings are usually set 
from 10 to 18 inches apart in rows which are 3 or 4 feet apart. Since 
the crop starts rather slowly, the cuttings are frequently planted 
with a spade between cabbage or any other quick-maturing spring 
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crop. As soon as the early crop 
is harvested the horse-radish is 
given ordinary cultivation. It 
may be harvested the first year or 
may be allowed to grow as a bi¬ 
ennial. 

Soil. The soil should be deep, 
fertile, and loose, otherwise the 
roots will become branched and 
crooked. The ground should be 
plowed deep before the crop is 
planted in order to thoroughly 
loosen the soil. 

Manures and fertilizers. Horse¬ 
radish requires considerable 
amounts of potash, consequently 
fertilizer applications should be 
made with this in mind. On 
black, loamy soils a 3-9-18 or 
similar fertilizer usually gives a 
satisfactory response. 

Cultivation. The marketable 
portion of the root usually con¬ 
sists of the main root which develops from the cutting. For this 
reason, long cuttings are much preferred to shorter ones. To in¬ 
duce the larger development of the original cutting, many growers 
pull the soil away from the cutting and remove the side roots from 
the upper portion one or two times during the growing season. 
Even though gloves are worn in rubbing off the side shoots, rot 
organisms gain entrance through the injured areas, especially dur¬ 
ing rainy weather, and cause from 50 to 75 per cent loss of roots 
during some seasons. In order to facilitate the removal of the side 
shoots the roots are usually planted on an angle so that the lower 
part is at a depth of from 6 to 8 inches and the upper portions are 

at a depth of approximately 3 inches. 

Varieties. The Bohemian or Maliner-Kren is the only variety 

that is recommended. 

Harvesting. The roots may be dug in the fall or in the spring. 
They are plowed out, the side shoots are removed and trimmed for 





Fig. 112. Planting horseradish cut¬ 
tings in the Ohio State University 
gardens. 




PERENNIAL CROPS 


319 


future planting, and the marketable roots are sold or stored. They 
are usually marketed in barrels although they may be tied in 

bunches for special markets. 

Since horse-radish may become a noxious weed, it is essential to 
gather the broken side roots and remove them from the field. After 
the initial plowing to remove the roots it is often advisable to 
replow the field and carefully gather all broken side roots. 

Diseases and insect pests. As already indicated, the most trouble¬ 
some disease is root rot caused by a large number of bacteria and 
fungi, some of which have never been identified. Bacterium carn- 
pestre, Bacillus caratovorus, and many other species of bacteria 
have produced root rots experimentally. Of the fungus diseases, 
Verticillium albo-atrum, Rhizoctonia sp., Penicillium, and Thie- 
lavia basicola have been identified on horse-radish roots and all of 
them cause rotting. The control for root rots necessitates careful 
examination of sets or cuttings. Diseased cuttings should be dis¬ 
carded before storage and after storage cuttings should be re¬ 
examined so that all diseased cuttings can be discarded before 
planting. If the sets are dusted with 325-mesh dusting sulphur, 
partial control of Rhizoctonia and Penicillium is effected. Cor¬ 
rosive sublimate, used as a disinfectant, usually causes more dam¬ 
age than good. The cuttings should be stored in moist soil with a 

temperature as near 32° F, as possible. 

White rust, caused by Albugo Candida, produces light yellow 
areas on the upper surface of the leaf and white, creamy blisters 
on the under surface. Little is known about how the fungus over¬ 
winters but it is assumed that it lives in the crown of the plant. 

No satisfactory control has been developed. Sanitary measures 
and the elimination of wild weed hosts in and around the field 
are recommended. Wild weed hosts include wild mustard, shep¬ 
herd’s purse, and other members of the Brassicaceae family that 
have escaped cultivation. 

Bacterial leaf spot, caused by Phytomonas campestre armoraciae, 
is very serious during wet seasons. It produces small, dark green 
translucent spots which later enlarge and turn black. No satisfac¬ 
tory control is known, however, the same sanitary measures as rec¬ 
ommended for rust should be followed. 

Cercospora leaf spot, caused by Cercospora armoraciae, produces 
light-colored circular areas which may enlarge to one-half or three- 
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fourths of an inch in diameter. The central area is uniform light 
green in color and may later become black due to the development 
of conidiophores of the fungus. 

Root knot, caused by nematodes, frequently attacks horse-radish 
and it produces enlarged swellings similar to clubroot. Practical 
control consists of rotations to include grass crops. 

Clubroot, caused by Plasmodiophora brassicae, also attacks 
horse-radish and may be confused with root rot. It may be con¬ 
trolled by applications of hydrated lime. 


REVIEW QUESTIONS 

1. Why do nitrogenous fertilizers often increase the asparagus 
yields if applied during the cutting season, when photosynthetic action 
is almost nil? 

2. Should asparagus seed be sown in the permanent bed? 

3. Discuss the advantages and disadvantages of applying common 
salt to asparagus beds. 

4. When should the tops be removed? 

5. How deep should asparagus roots be planted? 

6 . What precautions should be taken to avoid planting asparagus 
seed too thick in the seed bed? 

7. How is blanched asparagus secured? 

8 . Discuss the importance of carefully cutting asparagus spears. 

9. How is rhubarb propagated? 

10. Describe globe artichoke, Jerusalem artichoke, and sea kale and 
tell how they are propagated. 

11. Why is it necessary to soak asparagus seed 31/2 to 4 days in order 
to greatly hasten germination? 
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chapter 22 


Sweet Corn and Popcorn 


Sweet corn (Zea mays rugosa) is a native of America and is 
grown extensively for fresh market and for canning. Approxi¬ 
mately 54,000 acres were grown commercially for the fresh market 
in 1944 and an additional 488,000 acres were grown for processing. 

Popcorn {Zea mays everta), also a native of America, is of much 
less importance, although it is estimated that by 1942, about 93,000 
acres were producing 150,000,000 pounds of popcorn annually in 
the United States. Popcorn is of unusual value because it affords 
employment to an estimated 12,000 vendors who own and operate 
popcorn machines. In spite of this, approximately GO per cent of 
all popcorn is popped in the home. 

Sweet com. Plant characteristics. The root development of sweet 
corn originates with the primary root following germination. The 
secondary roots which arise at the stem node just below the soil 
surface develop rapidly and soon form an extensive root system 
both laterally and downward. These secondary roots function pri¬ 
marily as absorptive and conducting organs. The buttress roots, 
which arise from stem tissue above ground, function as anchors 
or props as well as absorptive organs. A single stem develops from 
the seed, and the paralleled vein leaves and the floral parts are 
borne on this stem. Secondary stems or suckers may also arise from 
the lower nodes at or near the soil surface. The leaf blade is long 
and flat and is enclosed at the base or node by the leaf sheaf. As a 
rule, the com plant is monoecious and the staminate inflorescence 
tassel is borne terminally and the pistillate inflorescence is borne 
on a lateral branch near the center of the main stem. The silk con¬ 
tinues to grow for several weeks if pollen is not available. In ferti¬ 
lization, one of the male nuclei unites with the egg nucleus to 
form a new embryo and the other male nucleus unites with the 
two polar nuclei to form the endosperm. Thus the endosperm con¬ 
tains the triploid (30) number of chromosomes and the new em¬ 
bryo contains the diploid number (20). Male characters are vmb e 
in the developing endosperm as a result of cross-pollmation. This 
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phenomena is known as xenia and it is useful in detecting undesir¬ 
able crosses in breeding work. According to Paul Weatherwax, 
“Xenia may be expected to occur; (1) when the fernale parent bears 
the recessive and the male the dominant of a pair of endosperm 
factors, neither being accompanied by an inhibiting factor for the 
dominant; (2) when the female parent bears a dominant endo¬ 
sperm factor, or combination of factors, whose action is capable of 
being inhibited by a factor carried by the male; or (3) when the 
male and female parents, respectively, bear latent complementary 
factors whose interaction is necessary for the production of a defi¬ 
nite effect on the endosperm.” 

TABLE 36 


Sweet Corn for Fresh Market: Acreage, Production, and Yield 

PER Acre of Leading States 


State 

Acreage harvested 

Production (ears) 

Yield per acre 
(ears) 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934 - 

1943 

1945 

New Jersey. 

22,600 

22,000 

109,250,000 

112,200,000 

4,840 

5,100 

New York. 

20^830 

23,000 

109,020,000 

108,100,000 

5,230 

4,700 

Pennsylvania. 

10,500 

9,000 

51,370,000 

47,700,000 

4,890 

5,300 

Total of three states. 

53,930 

54,000 

243,955,000 



4,963 


Cultural practices. Although sweet corn is a warm-season vege¬ 
table it can be grown farther north than field corn because it ma¬ 
tures quickly and is consumed before maturity. It requires from 
72 to 85 days for the early varieties to mature and from 85 to 95 
days for the maturity of later varieties, under ideal growing condi¬ 
tions. The seed is planted at the rate of 7 to 10 pounds per acre 
so that the hills are about 3 feet apart in rows from 36 to 42 inches 
apart. When grown for the canning factory sweet corn is usually 
planted with the same drills that are used for planting field corn 
and in most instances the rows are 42 inches apart. When planted 
in hills, an attempt is made to have approximately 3 stalks per hill. 
Larger yields can be secured if the plants are distributed singly so 
that the plants stand approximately 10 or 12 inches apart in the 
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rows. However, this type of planting does not permit cross-cultiva¬ 
tion and weed control becomes much more expensive. Great care 
should be used in planting Shoepeg (Country Gentleman variety) 
corn to avoid getting too many seeds per hill. Special planter plates 
must be used for this variety because of the small size of the kernel. 

It has been shown that the larger-sized kernels usually mature a 


TABLE 37 


Sweet Corn for Processing: Acreage, Production, and Yield per 

Acre of Leading States and of Total U. S. 


State 

Acreage harvested 

Production (tons) 

Yield per acre 
(tons) 

iO-year 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Maine. 

12,250 

11,600 

45,600 

1 

30,200 

3.7 

2.6 

New York. 

21,210 

23,900 

49,300 

57,400 

2.3 

2.4 

Ohio. 

23,800 

18,300 

48,500 

42,100 

2.0 

2.3 

Indiana. 

47,820 

32,100 

78,300 

4 

; 67,400 

1 

1.6 

2.1 

Illinois. 

68,440 

62,900 

159,600 

163,500 

2.4 

2.6 

1 

Wisconsin. 

1 

34,210 

95,000 

78,400 

218,500 

2.2 

2.3 

Minnesota. 

62,860 

85,200 

168,200 

178,900 

2.7 

2.1 

Iowa. 

39,320 

48,600 

88,400 

111,800 

2.2 

2.3 

Maryland. 

35,540 

41,400 

72,000 

95,200 

2.0 

2.3 

United States. . . 

385,110 

474,800 

880,800 

1,126,800 

2.28 

2.37 


little more quickly than the smaller-sized kernels from the same 
ear. As uniformity of maturity is extremely desirable when the 
crop is grown for canning purposes, it often pays to grade the corn 
according to size. This is especially true of open-pollinated varie¬ 
ties. However, hybrids tend to mature the crop at approxi¬ 
mately the same time even though the size of the kernels varies 


somewhat. 

Thinning and suckering. Thinning is rarely practiced. How¬ 
ever, if there are too many stalks per hill or if the plants stand 
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closer together than 10 inches in the drilled rows it might pay to 
thin. Many experiments have been conducted to determine the 
advisability of suckering. Some varieties sucker profusely and 
others produce few suckers. No increase in yield has ever been 
noticed through suckering and the practice is not recommended. 
The injury produced during suckering is probably responsible for 
the decreased yields. This injury is, of course, less if the suckers 
are removed while they are small. However, the removal of small 

suckers has never proven profitable. 

Cultivation. Cultivation should be given with sufficient fre¬ 
quency to control weeds. Since the roots of the plants grow very 
near the surface of the soil, cultivation should be as shallow as pos¬ 
sible, yet effective enough to kill weeds. The use of sweeps is much 
preferred to the use of shovels and other attachments which dig 
into the soil and injure the corn loots. From 230 to 296 pounds of 
water are required to produce 1 pound of dry matter. The use of 
2, 4D for the control of weeds seems to be practical if applied as 

recommended. 

As already indicated, corn requires from 72 to 95 days for ma¬ 
turity. Before the European corn borer was a serious pest, the 
early-planted corn produced larger yields than corn planted later 
in the season due to the fact that the early corn made a good start 
with the moisture which usually was available early in the season. 
This early crop was planted as soon as the frost-free season arrived. 
In regions where the European corn borer has become serious, 
growers delay the early planting about 3 weeks and thus escape the 
first brood of the borer. Planters also escape the early attacks of 
the corn ear worm which is another serious pest, especially in the 
southern states, because the corn ear worm is the same as the cotton 
boll worm. Extremely late plantings are likely to be attacked by 
the second brood of the corn ear worm. 

Corn should be planted no deeper than necessary to reach mois¬ 
ture. In southern and western sections, it may be necessary to list 
the corn in order to insure germination. Throughout most of the 
corn belt it is only necessary to plant from 1 to 2 inches deep. The 
roots of deep-planted corn will grow as near the surface of the soil 
as there is moisture and the roots of the shallow-planted corn will 
grow down to the moisture if there is not an adequate supply in 
the surface soil. 

Because of the relatively low value of sweet corn, the plants are 
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seldom transplanted. However, a few ambitious growers start the 
plants under glass in pots or in similar containers 3 or 4 weeks be¬ 
fore time for planting in the field. Obviously, if this method is em¬ 
ployed where the European corn borer and corn ear worm are 

serious pests, it would be necessary to spray or dust for their 
control. 

Influence of climate. The sugar in sweet corn is quickly changed 
to starch after harvest and it is, therefore, necessary to get the corn 
to market as quickly as possible after the ears have been snapped. 
Contrary to the general belief, sweet corn will reach as high a sugar 
content in southern states as it will in northern states. However, 
if the ears reach marketable condition when the temperatures are 
cool they will retain their sugar content longer than when they 
reach marketable maturity during hot weather. For this reason, it 
is easier for canners who are located in northern sections of the 
country to process a higher quality canned product than it is for 
canners who are located in southern and warmer sections of the 
country. Market gardeners often husk the corn early in the morn¬ 
ing while it is cool and market it immediately. Others husk it and 
pack it in ice or precool it in ice water and keep it cool until it 
reaches the customer. Of course, corn reaches maturity more 
quickly during warm weather than during cool weather. 

Soils and fertilizers. Sweet corn grows best on silt and clay-loam 
types of soil. An early crop for local market is best planted on a 
well-drained sandy-loam soil. Mid-season crops can be grown on 
muck; however, the early crops and late crops are likely to be 
killed by frosts when the crops are grown on muck. As indicated 
in chapter 5, sweet corn is rather tolerant to soil acidity and will 
grow well throughout a range of pH 5.7 to 7. On silt and clay-loam 
soils a fertilizer which is high in phosphorus such as a 4-12-4 or a 
2-12-6 is commonly used. On rhuck soils a 0-10—10, 0-12-12, 
or 3-9-18 is commonly used. On sandy soils a fertilizer high in 
nitrogen such as a 5—10—10 or a 6-8-6 is logical. 

The largest and most economical responses to fertilizer applica¬ 
tions are secured by applying the fertilizer in bands on either side 
of the hills so that the fertilizer is at a depth of 2 or 3 inches and 
2 or 3 inches from the seed. If placed immediately above or below 
the seed, injury is likely to result from toxic concentration of fer¬ 
tilizers, especially if the fertilizer contains relatively large amount 
of soluble nitrogen and potash as would be manifested in a 



SWEET CORN AND POPCORN 


327 


5-10-10 formula. From 100 to 150 pounds of fertilizer per acre is 
usually applied via the band method. If the soil is relatively rich 
this application, which gives the plant an early start, is adequate. 
However, many growers are finding that in order to assure a large 
yield it is necessary to have additional fertility at a ^eater depth 
in the soil. The plow sole method of application described in chap¬ 
ter 5 has not only increased yields but has prevented a great deal 
of the so-called dry weather firing which, in most situations, is 
nothing more than nitrogen starvation. Band applications alone, 
made, on poor soils, may actually reduce the yield by inducing an 
early vegetative growth which is suddenly checked so that very few 
ears are formed when the supply of fertility in the band has been 
exhausted. Some of the best growers are now applying from two- 
thirds to three-fourths of 500 to 600 pounds in the plow sole and 
the remainder as band applications. 

Varieties. Practically all of the early and some of the late varie¬ 
ties of sweet corn are now hybrid varieties. The development of 
hybrid strains has insured almost complete freedom from the devas¬ 
tating Stewart’s disease which frequently completely destroys early 
varieties of sweet corn. Moreover, the hybrid varieties, especially 
those involving only two parents, mature more uniformly which 
is a great advantage to farmers who are growing sweet corn for the 
cannery. Hybrid sorts, even in favorable years when Stewart’s dis¬ 
ease and other diseases do not affect the yield, generally produce 
much better than ordinary open-pollinated varieties. Golden Cross 
Bantam was one of the first of the hybrid varieties and still is one 
of the most important varieties for market gardening and for can¬ 
ning purposes. It was originated by Glenn Smith, Purdue Univer¬ 
sity, and the U. S. Department of Agriculture from a cross of two 
inbreds, Purdue 51 and Purdue 39. Purdue 51 is commonly used 
as the pollen parent and the hybrid ordinarily matures in about 85 
days. Unlike the 8-rowed Golden Bantam, it usually has from 10 to 
14 rows of rich golden-colored kernels. 

Another variety which is becoming very popular is loana which 
was originated by Dr. E. S. Haber of Iowa State College. It is very 
similar to Golden Cross Bantam and it requires approximately 87 
days for maturity, but the ears are slightly larger than Golden 
Cross Bantam. 

One of the best of the early hybrids is Marcross C6.13. This is a 
10- to 14-rowed light cream-yellow-colored variety which matures 
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in about 75 days. Other hybrids of considerable value are Country 
Gentleman hybrid, originated by Dr. W. A. Huelson at the Uni- 
\ersity of Illinois, which matures in approximately 95 days, Nar¬ 
row Gram hybrid which matures in about 98 days, and Redgreen 
which matures in about 95 days. Some so-called top-crossed corns 
are also on the market. This term applies to corn which has been 
produced by using an inbred line as a pollen parent and an ordi¬ 
nary open-pollinated variety as a female parent. Such varieties in¬ 
clude Top Cross Bantam, Top Cross Whipple’s Yellow, and Top 
Cross Maine Bantam. 

Ordinary open-pollinated varieties include the following: 
Golden Bantam, an 8-rowed yellow variety which matures in about 
79 days; Bantam Evergreen, a 14- to 18-rowed yellow corn which 
matures in about 95 days; Black Mexican, a corn with excellent- 
flavored white kernels at the eating stage which turn blue-black 
at maturity, or in about 88 days; Crosby, a very early, white-ker- 
nelled, 14- to 16-rowed variety which matures in 88 days; Howling 
Mob, a 12- to 16-rowed white kernelled variety which matures in 
approximately 88 days; Stowell’s Evergreen, a 16- to 18-rowed, 
white-kernelled variety which matures in about 95 days; Whipple’s 
Early Yellow, a 12- to 14-rowed variety which matures in about 87 
days; and Country Gentleman or Shoepeg variety which matures 
in about 95 days. In this corn, there are no definite rows but the 
kernels appear in an irregular and zig-zagged arrangement. An¬ 
other variety which is commonly grown as sweet corn is Extra 
Early Adams. This is a 12-rowed, white corn which matures in 
about 66 days. It is not a true sweet corn. The same is true of 
Trucker’s Favorite which is a 12- to 16-rowed corn that matures 
in approximately 77 days. 

Harvesting and storage. After the sugar in sweet corn reaches a 
maximum, it quickly changes to starch. Thus, it is essential to har¬ 
vest the corn at precisely the right stage of maturity. For market 
gardening purposes this is when the corn is in the so-called milk 
stage. This stage of maturity can be determined by subjecting the 
kernels to pressure with the thumb or fingernail. If the kernel 
bursts when the contents are in the fluid state it is said to be in 
the milk stage. If, however, the contents are more like cream, it 
is known as the cream stage of maturity and if the contents are still 
more viscuous and resemble dough, it is known as the dough stage 
of maturity. For market gardening purposes the corn should be 
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eathered in the milk or watery stage. This is also true for whole- 
kernel canned corn. For cream-style canned corn, the kerne s 
should be a little more matureisk that is, in the cream stage. en 
corn is in the dough stage it is too mature even for canning, 
immature com is used for cream-style packs in canning, stare 

is added in order to produce the proper consistency. 

As the corn matures the skin or pericarp becomes tough and this 
toughness is often measured with a puncture tester as an indication 
of maturity. However, the thumb and fingernail test is the cus¬ 
tomary index of maturity. The alcohol soluble and the alcohol in¬ 
soluble test as a measure of quality are also used in some cases. 

Corn consigned to the cannery should be snapped early in the 
morning and delivered to the factory without delay. When corn 
is harvested for market gardening purposes, it should be either de¬ 
livered immediately after snapping or it should be precooled in 
ice water or packed in ice as soon as it is harvested. It should be 
kept cool until it is delivered to the consumers in order to check 
the change of sugar to starch. Progressive gardeners and merchants 
are now husking the corn and placing it in cellophane containers. 
Corn so displayed is attractive and the consumer can always see 
whether or not it is free from insect and disease pests. However, 
corn so displayed should be kept cold as previously explained. 
When placed in individual packages the product is protected 
against handling, and the customers that come late in the day will 
get a product as good as those that come early in the day, provided 
the corn has been kept cold. Moisture-vapor-proof cellophane 
should be used as a wrapper provided the corn is kept cold. If the 
corn is allowed to heat after being wrapped, the sugar will be 
converted into starch and an undesirable alcoholic flavor will de¬ 
velop. Com is usually packed in bags which are top-iced for ship¬ 
ment. 

Proficiency in snapping can be obtained by following a few 
simple rules. Both hands should be used. By grasping the tip of 
the ears and giving them a downward thrust the ear can be severed 
from the stalk without supporting the stalk with the other hand. 
This leaves both hands free to snap corn. After a little practice it 
is often possible to snap 2 and 3 ears with each hand before the 
ears are thrown in the wagon. The throwing motions should all 
be made without turning the body and without looking at the 
wagon. This permits the eyes to seek additional ears while the corn 
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Stokley Bros. 


Fig. 113. A New Idea pull-type, single-row power take-off corn picker. It is 
equipped with special rolls and speed-operating mechanism. It will handle 
314 acres per hour. 


is on its way. Proficiency in manual efforts often means the differ¬ 
ence between profitable and unprofitable help. 

Harvesting machinery (see Figures 113 and 114) capable of pick¬ 
ing a ton and one-half every 20 minutes has recently been designed 
and sold. The type that cuts the stalk and ear shank instead of 
snapping the ears from the stalks is said to be more effective be¬ 
cause it does not bruise the corn. Bruising causes discoloration and 
a rapid bacterial build-up which necessitates longer processing and 
poorer quality. Harvesting machinery will enable sweet corn grow¬ 
ers to produce an acre of sweet corn with approximately the same 

expenditure of labor as for field corn. 

Insects and diseases. The European corn borer (Pyrausta nubila- 
lis) was discovered first in the United States in 1917. Since that 
time it has spread to most of the corn belt throughout the nation, 
and although natural parasites have checked it considerably so 
that it does not cause as much damage as previously, it is still one 
of the worst insect pests on sweet corn and popcorn. The insect 
will also attack many other plants including beans, rhubarb, po¬ 
tatoes, beets, celery, and asters, in the event that corn is not avail- 



Libby. McNeill & Libby, Chicago, Illinois 


Fig. 114. Sweet corn-harvesting eciuipinent. 


able at the time the adults lay the eggs. Two generations per year 
will come in portions of New Jersey, Delaware. Maryland, Long 
Island, Connecticut, and Massachusetts. In New York, Pennsyl¬ 
vania, Ohio, Indiana. Michigan, Illinois, and Wisconsin, there is 
as a rule only one generation of corn borer per \'ear. The adult 
moths lay their eggs in flat, irregular-shaped masses on the corn 

331 








332 


VEGETABLE SCIENCE 



Fig. 115. European corn borer. 


early in the season. The eggs soon hatch and the larvae tunnel into 
the stalks, tassels, and in some instances, may burrow through the 
stalk into the center of the ear and be located in the kernel at the 
time the corn is prepared for canning or eating. In some instances, 
they do not break through the kernel so that there is no way of 
identifying infected ears except to examine the butt and tip of 
the ear very carefully to see if the larvae have tunneled a hole 
through the cob at these points. 

If early maturity is not desired, the simplest control is to plant 
corn about 3 weeks later than the earliest possible safe date for 
planting sweet corn. In this way the corn will be practically free of 
the corn borer if there is only one generation per year. In regions 
where there are two generations per year, this is not quite as good 
a control. Rotenone sprays and dusts have been effective in secur¬ 
ing a fair control, even where the earlier crop is grown. Special 
sprays and dusting equipment have been produced which will 
make the applications at the proper height for corn. DDT has 
proven more effective than many other insecticides for the control 
of this insect, and it is already more generally utilized for this pur¬ 
pose than any other insecticide. 

Clean-up measures are also helpful. The corn stalks should be 
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Fig. 116. Corn-ear worm. 

thoroughly disked do^vll and then plowed under with 16- or 18- 
inch bottom plows. In order to make sure that the stalks are thor¬ 
oughly covered, the use of wires and chains help in pulling the 
trash down so that it is adequately covered by soil. Burning of 
stalks is not advised because it destroys much needed organic 

matter. 

The corn-ear worm {Heliothis obsoletd) is equally injurious to 
sweet corn. By delaying the planting as recommended for the con¬ 
trol of the European corn borer it is possible to exercise fair con¬ 
trol over the corn-ear worm. However, late-planted crops, that is, 
corn which matures 2 or 3 weeks before frost is usually very badly 
infected with the second generation of corn-ear worm. Corn-ear 
worms can also be controlled by sprays of DDT. Special spray 
equipment is available for making the application. Airplanes are 
also being used. Another effective control is the use of highly re¬ 
fined light oils containing pyrethrum extract applied to the base 
of the silks at the rate of about 1 c.c. (from 16 to 20 drops) per 
ear approximately 6 days after the silks emerge. If the application 
is made earlier, the oil interferes with pollination and poorly 
filled ears result. Special equipment is available for making this 
application or an ordinary medicine dropper can be used. 
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Seed-corn maggots (Pegomya fusciceps) often attack the seed 
when It IS planted early in the season. There is no practical con¬ 
trol. Seed should be planted shallow if the spring weather is cool. 

Cutworms and grasshoppers can be controlled by the use of 
poison bran mash. It should be applied in the evening if cutworm 
control is desired and early in the morning for grasshopper con¬ 
trol. The cutworms can best be controlled if the ground is free of 
weeds and plants at the time the poison bran mash is applied. (See 
chapter 13 for directions for making poison bran mash.) 

Common stalk borers {Diatraea saccharalis and Elasmopalpus 
lignosellus) may be confused with the European corn borer. It is 
quite likely that DDT will be partially effective for their control. 
They do not cause a great deal of trouble. 

Flea Beetles (most all species) occasionally attack young corn 
plants and they are said to be partially responsible for the spread 
of bacterial wilt. If they become abundant they can be effectively 
controlled with rotenone sprays or dusts or with DDT. 

Bacterial wilt {Aplanobacter stewarti) is commonly called Stew¬ 
art’s disease. The disease does not cause much damage in latitudes 
north of Ohio, Illinois, and Pennsylvania. Infection is worse fol¬ 
lowing 2 or 3 seasons of mild winters. Low temperatures seem to 
reduce the amount of damage caused by the disease. It creates a 
discoloration of the nodes of the tissue and if it attacks young 
plants it usually kills them outright. The death is caused by the 
clogging of the water and nutrient-conducting vessels. The disease 
is carried over the ^vinter on the seed or on the mouth parts of 
the corn-flea beetle. The control consists largely of using resistant 
varieties especially hybrids. Corn planted after a rain rather than 
before seems to be freer from the disease. Seed that is known to 
be free from bacterial wilt should be used if possible. 

Smut (Ustilago zeae) causes swollen white areas to appear which 
later turn black if the spores mature on the inside. There is no 
practical control. Some varieties are more resistant to smut than 
others and if manure is used it should be free from smut contami¬ 
nation. Seed treatment is of no value. (See Figure 117.) 

Popcorn. Popcorn (Zea everta) is a native of America. Popcorn 
that expands 15 volumes during popping is poor and that which 
expands 25 or more volumes is excellent. 

Cultural practices. Popcorn is grown in very much the same way 
as sweet corn. It requires a minimum of 110 days for maturity 
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and longer for later varieties. 

Like sweet corn, it is usually 
planted in the temperate zones 
from May 10 to 20 to escape the 

early infestation of the European 
corn borer. From 4i/^ to 6i/^ 
pounds of seed is planted per 
acre, the heavier seedings being 
made on the richer soils. The 
shallow cultivation is practiced 
the same as with sweet corn. 

Fertilizers. The fertilizer rec¬ 
ommendations for sweet corn are 
also applicable to popcorn. 

Varieties. The standard types 
of popcorn include Rice or 
rough-kernelled corn. Pearl, a 
smooth, small-kernelled corn, and 
the 8-rowed or Yankee corn which has large kernels. Recently, great 
progress has been made in the production of hybrid popcorn. The 
Purdue and Kansas Experiment Stations have led in this work. 
Purdue 3 and Purdue 38 are large-kernelled types, and Purdue 1, 
31, and 32 are medium-large-kernelled types. These are all pro¬ 
duced by crossing inbred lines. Purdue 1, also known as Kansas 
1, is a hybrid between two inbred lines. Supergold 16 is from a 
yellow-pearl variety, and South American 24 is from a South 
American variety. Purdue 31, 32, and 38 are all three-way hybrids 
with the South America 24 as a male parent and crosses between 
inbred lines of Supergold as the female parent. Some of the popu¬ 
lar open-pollinated varieties include Tom Thumb, otherwise 
known as Baby Rice or Japanese Hulless. This variety, with White 
Rice, belongs to the rice type of popcorn. The kernels of these two 
varieties are small and nearly white. Dynamite or South American 
Yellow is a large, golden variety of popcorn that has from 12 to 16 
rows. 

Harvesting and Storage. The harvesting and storage of popcorn 
requires special care. If the moisture content is above 20 per cent 
it will not pop properly. Neither will it pop properly if it is 
brought to a lower moisture content than 8 or 9 per cent. The 
optimum moisture content for popping is between 12 and 15 per 
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336 VEGETABLE SCIENCE 

cent depending upon the variety and the growing conditions. 
Good popped corn will have a total volume of 25 times that of 
the unpopped corn and exceptionally good lots will have an ex¬ 
pansion of 30 times the unpopped volume. If the corn becomes 
too dry it can be brought up to the optimum moisture content by 
introducing steam or air with a high moisture content into the 
room in which the corn is stored. Popping is a result of the sudden 


TABLE 38 

Popcorn: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


1 

State 

Acreage Harvested 

Production (pounds) 

Yield per acre 
(pounds) 

1 Q-ycar 
average 
1934-1943 

1945 

10-ycar 
average 
1934-1943 

1945 

10-year 
average 
1934-1943 

1945 

Illinois. 

9,144 

31,200 

13,753,000 

56,160,000 

1,508 

1,800 

Indiana. 

7,811 

34,800 

13,611,000 

68,730,000 

1,783 

1,975 

Iowa. 

27,378 

75,000 

: 36,466,000 

!105,000,000 

1,284 

1,400 

Kentucky.. . . 

1,533 

14,400 

1 ' 

1,542,000 

20,160,000 

928 

1,400 

Missouri. 

5,600 

15,000 

7,473,000 

25,200,000 

1,309 

1,680 

Nebraska.... 

4,089 

33,000 

3,105,000 

44,550,000 

859 

1,350 

Ohio. 

7,789 

30,000 

12,699,000 

55,500,000 

1,636 

1,850 

Oklahoma. . . 


38,000 


32,300,000 


850 

Texas. 

5,311 

16,000 

6,078,000 

13,600,000 

1,150 

850 

United States. 

77,418 

301,300 

103,139,000 

435,840,000 

1,327 

1,447 


expansion of the moisture in the floury endosperm when the outer 
horny endosperm is ruptured. 

The harvesting is usually done by machinery after the corn is 
partially cured in the field. It is then brought in to a corn drier 
where the temperature is held at 110° F. and it is cured to the 
proper moisture content after which it is shelled by machine. Be¬ 
fore the corn is bagged, it is passed over by a clipper cleaner which 
removes chaff, light kernels, and other extraneous matter. The 
yields average about one ton per acre of husked corn on the cob. 
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However, yields as high as 2i^ tons per acre have been reported. 
The s^me techniques of snapping described for sweet corn can be 

used for popcorn if harvesters are not used. 

Insects and diseases. The insects and diseases of popcorn are es¬ 
sentially the same as those that attack sweet corn. 

REVIEW QUESTIONS 

1. Give two reasons why the geographical center of the sweet corn 

belt lies north of that of field corn. 

2. Define the functions of primary, secondary, and buttress roots. 

3. Compare the development of the roots of listed and level planted 
corn. 

4. Explain double fertilization and its relation to xenia. 

5. Under what conditions may xenia be expected to occur? 

6. What practical use of xenia is made in the production of Golden 

Cross Bantam sweet corn? 

7. How long is the silk receptive to pollen and what portion is re¬ 
ceptive? 

8. How would you proceed in order to make a controlled cross be¬ 
tween two varieties or strains of sweet corn? 

9. What are the water requirements in pounds per unit of dry mat¬ 
ter for sweet corn? 

10. Describe the best method of applying fertilizers to corn planted 
in hills. 

11. What is the most serious bacterial disease of early sweet corn and 
how is it controlled? 

12. How does the stand of corn influence the yield of ears and stover? 

13. What is the chief object of cultivation? 

14. Is suckering advisable? 

15. Describe the chemical changes of sweet corn during ripening. 

16. How does temperature affect the ripening process? 

17. Name four good varieties of sweet corn. 

18. How does the size of seed affect the maturity and the yield of 
sweet corn? 

19. Describe the inbreeding and outcrossing method of corn breed¬ 
ing. 

20. Give control measures for corn smut, corn-ear worm, corn stalk 
beetle, corn root aphis, and European corn borer. 
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Cucurbits or Vine Crops 


Culture of the vine crops, which include watermelons, musk- 
melons, pumpkins and squash, cucumbers, gherkins, and chayotes, 
is similar. All vine crops are warm-season crops and they cannot be 
hardened to withstand frosts. As a matter of fact, the roots of cu¬ 
cumbers are known to be killed when the temperature drops be¬ 
low 60° F. Vine crops require a considerable amount of nitrogen 
but are sensitive to an excessive amount of nitrogen available at 
any one time. They are all attacked by striped and 12-spotted cu¬ 
cumber beetles. These insects are difficult to control and so none 
of these crops should be grown by home gardeners unless they are 
prepared to control the insects. 

Cucumbers (Cucumis sativus). The cucumber is grown through¬ 
out the United States for use in salads and as pickles. It is a native 
of Asia and Africa. No one has ever been able .to cross cucumbers 
and gherkins or cucumbers and watermelons, muskmelons, pump¬ 
kins, or squash. The cucumber is a trailing, monoecious, climbing 
plant with axillary flowers and under ordinary lengths of day, the 
staminate flowers are more numerous than the pistillate; the re¬ 
verse may be true if the daylight periods are shorter than twelve 
hours. 

Cultural practices. There are two general methods of growing 
cucumbers: (1) plant the seed in hills fertilized with well-rotted 
manure and (2) drill the seed into the soil with seed drills. The 
rows are usually spaced from 4 to 6 feet apart and if planted in 
hills the hills are about 4 feet apart in the rows. If the seed is 
drilled, the plants are thinned so that they stand about 1 fooj apart 
in the row. The seed should not be planted until the soil is warm 
because the roots are killed when the soil temperature drops below 
60° F. Approximately 2 pounds of seed are required per acre. 

Plant characteristics. The root system consists of a short, heavy 
taproot with laterals rising 2 or 3 inches below the soil level and 
curving downward. The stem is trailing and usually attains a 
length of from 5 to 7 feet. Four or 5 lateral branches rise from the 
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lower leaf axils and ordinarily grow to about the same length as 
the main stem. The leaves are simple, palmate, three-lobed, or 
sharply angled. The stems and leaves are covered with fine hairs. 
Most cucumbers are monoecious, with the pistillate flowers being 
borne singly, and the staminate flowers being borne in clusters of 
from three to five in the axils. Pollination is performed chiefly by 
bees. The fruit is a pepo, usually three-celled, indehiscent, fleshy, 
oblong, cylindrical, and although some mature fruits are smooth, 
the fruit is usually prickly. In the green or edible stage, the seeds 
which are arranged in longitudinal rows are soft, but as the fruit 

matures, the seeds become hard, and the fruit is of no value for 
market. 

In some sections the seed (1 pound per acre is adequate) is sown 
in hot beds or cold frames approximately 5 weeks before it is safe 
for the plants to be set in the field. Since the plants are quite sus¬ 
ceptible to transplanting injury, clay or paper pots are commonly 
used. Some growers, however, still use the bottomless veneer bands. 
Plants in the field are given frequent and shallow cultivation as 
long as possible. Vines are usually trained in rows, permitting 
workers to stand between the rows and avoid tramping the vines 
during harvesting. It is especially important to lift the vines so 
that the weeds can be hoed out close to the plants in the hills. 
Some hand pulling of weeds is usually necessary. Weeds allowed 
to grow in the center of the hills rob the plants of moisture and 
fertilizing elements. 

Fertilizers. Cucumbers require a continuous supply of nitrogen 
throughout the growing season. The old-fashioned gardener pro¬ 
vided this by placing from 5 to 10 pounds of well-rotted manure 
under each hill. More recently, the same objective has been real¬ 
ized by the plow-sole application of a fertilizer such as a 5-10-10 
or an 8-8-8. If the application can be made underneath each row 
of cucumbers at a depth of 8 or 9 inches, the nitrogen is liberated 
slowly,as the oxygen reaches it during the growing season. If the 
lower leaves show symptoms of nitrogen starvation during growth, 
the conditions can sometimes be remedied by careful application 
of nitrogenous fertilizers. Care should be taken not to place the 
fertilizers in contact with the stem of the plant otherwise severe 
burning may result. Cucumbers are usually grown on sandy or 
sandy-loam soils although they are often produced on muck since 
the crop matures quickly and can invariably be harvested before 
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TABLE 39 

Cucumbers: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

1 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Florida. 

6,940 

9,200 

721,000 

1,003,000 

104 

109 

New York. 

4,410 

4,700 ' 

568,000 

1 

611,000 

130 

130 

1 

Maryland. . .. 

2,710 

3,800 

340,000 

494,000 

124 

130 

New Jersey. 

3,050 

2,800 

510,000 

490,000 

166 

175 

California. 

2,070 

1,650 

483,000 

487,000 

237 

295 

United States. 

44,360 

46,600 

4,617,000 

5,384,000 

104 

116 


Cucumbers for Pickles: Acreage, Production, and Yield per Acre 

OF Leading States and of Total U. S. 


4 

State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 
average 
1934-1943 

.1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1 

1945 

Ohio. 

4,800 

1,200 

239,000 

90,000 

50 

75 

Indiana. 

5,760 

4,900 

279,000 

279,000 

48 

57 

Michigan. 

25,250 

27,400 

1,547,000 

1,480,000 

60 

54 

Wisconsin. 

11,630 

16,000 

788,000 

1,136,000 

68 

71 

North Carolina... 

4,770 

7,700 

382,000 

654,000 

80 

85 

Texas. 

4,870 

1,800 

236,000 

108,000 

48 

60 

United States. 

89,370 

97,700 

6,172,000 

7,726,000 

68.4 

79.1 


frost. On sandy soils it is necessary to apply a fertilizer relatively 
high in nitrogen such as a 5-10-10, 8-8-8 or 10-6-4. As already 
indicated, these fertilizers should be applied as plow-sole applica¬ 
tions. For sandy-loam soils less nitrogen may be used, as for ex¬ 
ample, a 4-10-6, 3-12-12, or 5-10—10. On muck soils more potash 
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should be provided, such as is found in a 0-12-12 or an 0-9-27 
formula. Cucumbers readily show nitrogen, phosphorus, and po. 
tassium starvation symptoms if they remain free from other dis¬ 
eases. Growers should become familiar with these symptoms de¬ 
scribed in the chapter on fertilizers. 

Thinning. If the seed is planted in hills, the plants should be 
thinned so that not more than three plants are left standing in each 
hill. Growers find it profitable to thin after the severe attacks by 
striped and 12-spotted cucumber beetles are over as these beetles 
do considerable thinning. If the seed is drilled, the plants should 
be thinned so that they stand about 1 foot apart in the rows. 

Climate. The cucumber matures in a relatively short time—from 
60 to 70 days—if it is planted in warm soil and grown at the proper 
temperature. As already indicated, the roots will be killed if the 
soil temperature drops below 60° F. The seed will, however, ger¬ 
minate at from 54° to 60° F. At the lower temperatures, germina¬ 
tion is slow and poor but the higher temperatures, up to 85° F., 
are more favorable for germination and growth. During long days 
of summer far more staminate flowers are produced than pistillate 
flowers. As the days become shorter, the reverse is true. 

Varieties. Most popular varieties for slicing purposes are Davis 
Perfect, Straight B, Early Fortune, and White Spine. For pickling, 
Chicago Pickling, Boston Pickling, National Pickling, and Snow 
Pickling are common varieties. The varieties grown in the green¬ 
house include Davis Perfect, Abundance, and occasionally English 
varieties. English-American hybrids are also used. 

Lately, hybrid cucumbers have been grown in the field. A few 
of these hybrids are appreciably more resistant to the attacks of in¬ 
sects and diseases and frequently produce an excellent crop after 
the ordinary varieties are dead. 

Harvesting and storage. Cucumbers for slicing are harvested 
when they are from 6 to 10 inches long and before they begin to 
turn yellow. When grown for pickling, they are harvested when 
they are from 2i/^ to 6 inches long. A premium is paid for the 
small-sized cucumbers. The stem should be left attached to 
the fruit and no cucumber should be allowed to ripen because the 
ripened fruits greatly shorten the life of the plant. It is necessary 
to pick every other day when the cucumbers are growing rapidly. 

Most of the crop is packed in bushel containers. 

The cucumbers grown for pickling are graded according to size 
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Fig. 118. Burpee hybrid cucumber, Ohio State University gardens. The hybrid 
produced excellent cucumbers long after all other varieties were dead. 


at the factory by running them over different types of mechanical 
graders. Cucumbers for slicing are also sized by machinery and the 
fancy product is frequently waxed by immersing or spraying them 
with miscible wax. They should be stored for no more than 6 or 8 
days at a temperature of 32° to 40° F. Cucumbers held at these 
temperatures will become badly pitted within 24 hours after re¬ 
moval to room temperatures. 

Diseases. Bacterial wilt {Erwinia tracheiphilus) is carried by the 
striped cucumber beetle and perhaps by other insects. It is more 
destructive early in the season because it is usually destroyed by 
high temperatures late in the season. However, it may damage 
plants continually throughout an especially cool season. The bac¬ 
teria clog the water-conducting tissue and if the two cut surfaces 
of the stem are placed together and drawn apart a sticky spider 
weblike formation is frequently visible. After the bacteria is in¬ 
troduced into the plant it requires only a few days to kill the plant. 
The control depends upon the elimination of the beetles which 
spread the disease. 

Anthracnose (Colletotrichum lagenarium) attacks both the fo- 
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Fig. 119. Picking cucumbers on the farm of Lee M. Shackelford, Wauchula, 
Florida. The average yield on this farm is 400 hampers per acre. The county 
average is approximately 75 hampers per acre. 


liage and the fruits of cucumbers. The spots begin as small, yellow¬ 
ish, water-soaked areas which eventually turn brown. The fruits 
suffer from sunken, water-soaked spots. Control consists of crop 
rotations, seed treatment with corrosive sublimate, 1 to 1000, and 
spraying with Bordeaux mixture, insoluble copper sprays, or dusts. 
Since Bordeaux greatly increases the water loss from cucumbers, 
insoluble copper such as basic copper sulphate and copper oxi- 
chloride are recommended. These should all be applied according 
to instructions furnished by the manufacturer. Fermate has given 
excellent control in Louisiana. 

Mosaic is a virus disease transmitted by aphids and it is probably 
spread from milkweed and pokeweed, the perennial ground 
cherry, and the tvild cucumber. The disease is known to be carried 
over in the seed of wild cucumbers but it is not carried in the seed 
of the cultivated cucumber. The control of aphids is important as 
they are thought to be the main insect carriers of mosaic. 

Angular leaf spot (Bacterium lachrymans) is caused by a bacteria 
and it produces tvater-soaked spots on the fruit. Since the organ¬ 
isms are carried over on the seed, treatment with corrosive subli¬ 
mate as suggested for anthracnose is partially effective in the con¬ 
trol of the disease. Rotations of crops, spraying, and dusting are 

also partially effective. 

Scab (Cladosporium cucumerinum) also causes water-soaked 
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spots on the leaves and fruits of 
cucumbers, and the sunken cavi¬ 
ties become lined with a greenish 
mold. Control consists of long¬ 
time rotations of crops, seed treat¬ 
ment with corrosive sublimate, 
and spraying or dusting with in¬ 
soluble copper compounds. 

Downy mildew (Plasmopora 
cubensis) as well as powdery mil¬ 
dew (Erysiphe cichoracearum) 
frequently causes considerable 
damage during wet weather. 
Downy mildew causes angular 
yellowish spots, and the powdery 
mildew produces a talcumlike 
growth on the surface of the 
foliage. Spraying or dusting with 
a soluble copper compound is 
recommended as a control for 
both diseases. 

Insects. The striped cucumber 
beetle (Diabrotica vittata) and 
the 12-spotted cucumber beetle 
(Diabrotica \2-punctata) are two 
of the most serious pests which 
attack vegetables because they are 
very difficult to control. The 
striped cucumber beetle, as the 
name indicates, is a black- and 
yellow-striped beetle about two- 
fifths of an inch long. The 12- 
spotted cucumber beetle is 
slightly larger with yellowish- 
green covers marked with twelve 
black spots. Both insects winter 
over as adults and emerge early 
in the spring and feed upon 
cucurbits. Arsenicals applied at 
this time are very effective in 



Fig. 120. Striped cucumber beetle. 



Fig. 121. 12-spotted cucumber 
beetle. 
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controlling the insects which feed rather heavily after their hiber¬ 
nation. Later in the season when blossoms are opening each day 
it is very difficult to apply arsenicals with sufficient frequency to 
control the insects. The adults lay eggs at the base of the plant and 
the larvae tunnel into the stem at the base of the plant and the 
plant is either killed directly or by fungi which gain entrance 
where the larvae has injured the tissue. Both insects are credited 
with spreading bacterial wilt. 

Up until a few years ago the most practical remedy was the use 
of calcium arsenate-gypsum dust which consists of 1 part calcium ar¬ 
senate to 15 parts of gypsum. As already indicated, this dust is 
more effective late in the season when the blossoms are abundant. 
Recently, rotenone has been used, and although it is quite effec¬ 
tive it is more expensive and does not give perfect control. DDT 
is said to be more effective than either the calcium arsenate-gypsum 
combination or rotenone. However, it kills bees and should never 
be used after the blossoms form. By using DDT before blossoms 
form, however, it may be possible to obtain a better control of 
these two insects than in the past. 

DDT stunts cucurbits, and it should, therefore, be used on rows 
planted especially as a trap crop. By frequently treating the re¬ 
mainder of the crop with rotenone or calcium arsenate-gypsum, 
the beetles can be driven to the rows treated with DDT. The 
aerosol form of DDT can be used on all cucurbits and is effective 
for the control of the striped and 12-spotted cucumber beetles and 
also for squash bugs. 

Melon aphids {Aphis gossypii Glov), commonly called plant 
lice, frequently attack cucurbits and cause much damage. The 
dark green, soft-bodied insects suck sap out of plants and transfer 
virus diseases from plant to plant. Since they feed mostly on the 
underside of the leaves, the leaves curl downward. In order to 
control the insects it is necessary to use a contact insecticide. Nico¬ 
tine sulphate is an effective control if it is used before the leaves 
curl. After they have curled it is difficult for the spray to come in 
contact with the insects. If the grower is on the lookout for the first 
appearance of aphids it is possible to destroy the first few plants 
that are affected and thus to obtain practical control of the insect. 
Hymenopterous parasites, the larvae of the ladybird beetle, the 
larvae of the syrphus fly, and the larvae of the lace-winged fly all 
prey upon melon aphids and help to keep them under control. 
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The killing action of nicotine 
sprays is due to its volatility and 
sprays or dusts applied when 
there is no wind are much more 
effective than when the wind car¬ 
ries away the volatile material. 

Likewise, the fumes are given off 
more quickly when the tempera¬ 
tures are high than when the 
temperatures are low. Thus ap¬ 
plications made in the heat of 
the day are likely to be more suc¬ 
cessful than those made when it 
is cooler. 

Pickle worms {Diaphania niti- 
dalis) are very troublesome pests 
of cucurbits in most southern 
states and in a few of the northern 
states. The larva is about one-six¬ 
teenth of an inch long and when 
fully grown burrows into the stem and fruit and renders the fruits 
unfit for sale. The best control is aerosol type of DDT or cryolite 
dust applied at weekly intervals during the fruiting season. If 
cucumbers and squash are grown side by side, the worms attack 
the squash and leave the cucumbers practically free of pickle in- 

i ury. 

The larva of the squash vine borer (Melittia satyriniformis 
Hbn.) is a soft, whitish grub which, when mature, measures about 
one inch in length. It attacks practically all cucurbits but prefers 
squash and pumpkin. It is said that DDT (aerosol grade) is very 
effective. In gardens and small plantings the borers can be killed 
by slitting the stem lengthwise with a penknife near the region 
where the borer has entered. After the stem is split it should be 
covered with soil to prevent excessive drying out and to induce 
the plant to form new roots. Sprays with nicotine sulphate are 
effective in killing the small larvae as soon as the eggs hatch and 
before the larvae enter the stem. The plowing under of the crop 
residue is also helpful in smothering some of the larvae and pupae. 

The squash bug (Anasa tristis DeG) or stink bug often attains a 
length of nearly three-fourths of an inch when fully grown. It is 


r • 



Fig. 122. Squash bug. 
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a dirty blackish-brown above and a mottled yellowish beneath It 
feeds by sucking the juice from the plant. The metallic brown or 
bronzed eggs flattened on three sides are laid in clusters on the 
underside of the leaves. The nymphs cast their skins five times be¬ 
fore reaching the mature stage. Aerosol type of DDT is a better 
control than any other treatment yet devised. The nymphs may 
be killed by strong concentrations of nicotine. In small areas hand 
picking of both the eggs and the adults is advisable. 

Muskmelons {Cucumis melo). Muskmelons are grown through¬ 
out the United States by commercial gardeners, but the main acre¬ 
ages are in the western states where furrow irrigation is applied 
so that the foliage is not moistened. This type of irrigation sup¬ 
plies sufficient w'ater but does not encourage growth of foliage dis¬ 
eases. In western areas, foliage diseases are kept under partial 
control by the dry air. The most important prerequisite of high 
quality muskmelons is that they be matured on healthy plants. 
Muskmelons are not commonly grown by home gardeners because 
of the difficulty of controlling insects and diseases and the danger 
of having the crop harvested by mischievous youngsters before it is 
matured. 

In this country the small muskmelon is usually called a canta¬ 
loupe. However, the true cantaloupe is a different botanical variety 
known as cantalupensis, whereas, the variety cultivated in America 
is the variety recticulatus. The cantalupensis sorts have warty fruits 
with rough, hard rinds. Other types of melons are the inodorous 
or winter melon of which the casaba melon is the most important 
type. This melon, as the name indicates, does not have the musky 
odor characteristic of the reticulatus variety. The snake or serpent 
melon belongs to the botanical variety flexuosus. This type may 
attain a length of 36 inches. It is used for preserves, but it is 
most generally grown as a curiosity. The variety Dudain is about 
the size of an orange. It has a marbled surface and it is very fra¬ 
grant. It is grown primarily for an ornament. The mango melon, 
variety Chito, is known as the lemon cucumber. It has fruit about 
the size of a lemon and is used for preserves. Most muskmelons are 
andromonoecious. 

The muskmelon is believed to have originated in Asia, and Co¬ 
lumbus is said to have found it growing on Isabella Island in 1494. 

Plant characteristics. The root system, stem, and branching are 
similar to those of the cucumber. The stems and leaves are cov- 
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Fig. 123. This is a desirable type of muskmeion. Because of the closed cavity, 
this melon was heavier than water. 

ered with fine hairs. The leaves of muskmeion are usually more 
rounded and not so sharply cut as the leaves of cucumbers. The 
staminate flowers are borne in clusters, and the hermaphroditic 
flowers are borne singly in axils. Since the pollen is sticky and ad¬ 
heres to the stamens, and the stigma rises above the stamens, polli¬ 
nation is performed chiefly by bees. The fruit which arises from 
the hermaphroditic flowers is a pepo and the outer covering in¬ 
cludes the receptacle as is true with all of the Cucurbitaceae. The 
fruits vary in size and shape according to the variety. Most varieties 
of commercial importance fall into three classes, netted, ribbed, 
or smooth. The fruits at maturity may be green, salmon-colored, 
or colorless. The fruit is three-loculed and the placentae and the 
longitudinal rows of seed fill the center cavity. 

Cultural practices. The muskmeion is grown in much the same 
way as the cucumber. Some growers prefer to allow a little more 
room for muskmelons but the most important consideration is to 
plant the rows so that they can be sprayed or dusted with mechan- 
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ical equipment. Rows 6 feet apart are common. If the seed is 
planted in hills with well-rotted manure, the hills are usually 4 
or 5 feet apart in the rows. If the seed is drilled (2 or 3 pounds per 
acre), the plants are thinned so they stand from 6 to 12 inches apart 
in the rows. The seed of muskmelon and other cucurbits retains 
its viability for five or more years if stored under dry, cool condi¬ 
tions. Most muskmelon seed is produced in Colorado. A few grow¬ 
ers start the seedlings in green houses, hot beds, and cold frames, 
and transplant them into the open as described under the culture 
of cucumbers. 


TABLE 40 

Cantaloupe: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

Acreage harvested 

Production (crates) 

Yield per acre 
(crates) 

10-ycar 

average 

1934-1943 

V 

1945 

10-year 

average 

1934-1943 

1945 

10-year 
average 
1934- 
1943 

1945 

1 

California. 

26,500 

37,700 

4,150,000 

6,016,000 

157 

160 

Arizona. 

9,500 

14,000 

1,219,000 

1,946,000 

131 

139 

Maryland. 

6,590 

6,300 

681,000 

630,000- 

104 

100 

Colorado. 

4,080 

3,800 

484,000 i 

437,000 

118 

115 

Indiana. 

6,670 

4,900 

521,000 

402,000 

80 

82 

United States. 

101,340 

108,540 

11,050,000 

12,467,000 

no 

115 


Fertilizers. The muskmelons respond to fertilizers the same as 
cucumbers do. Many growers use well-rotted manure under the 
hills in order to supply the nitrogen throughout the growing sea¬ 
son. Up-to-date growers are making a greater use of the plow sole 
application of fertilizers high in nitrogen as for example, a 
5-10-10 or an 8-8-8. If the plants have been protected against in¬ 
sects and disease nitrogen starvation symptoms can be readily iden¬ 
tified by a yellowing of the older foliage. Remedial measures con¬ 
sist of applying a nitrogen fertilizer at the rate of 200 or 300 
pounds per acre. Sulphate of ammonia and nitrate of soda are 
commonly used for this purpose. On sandy soils, fertilizers high in 




























Fig. 124. Muskmelons in the Ohio State University gardens. 


nitrogen such as a 5-10-10, an 8-8-8, or a 10-6-4 are commonly 
used. It is, however, necessary to be certain in all instances that fer¬ 
tilizers do not come in direct contact with the seed or with the 
roots of young seedlings. For this reason, the plow sole application 
is commonly recommended. By the time the roots reach the ferti¬ 
lizer the soluble ingredients have diffused so that there is little 
danger of toxicity. For sandy-loam soils, a 4-10-6, a 3-12-12, or a 
5-10-10 is commonly used. Muskmelons are seldom grown on 
muck soils. 

Climate. The muskmelon requires a high temperature, and al¬ 
though experimental evidence is not as conclusive as it is with 
cucumbers, it is probable that the low temperatures affect the 
growth of muskmelons much the same as they affect cucumbers. 
Glassine plant protectors are used to encourage early maturity 
where rain does not beat the paper onto the small seedlings. If 
protectors are used, it is essential to provide ventilation in order 
to avoid overheating when the sun is shining. 

Varieties. There are many varieties of muskmelon; some of them 
are well netted, and others are poorly netted. Some are large, from 
20 to 25 pounds, and others are relatively small. Many are green- 
fleshed and others are salmon- or yellow-fleshed. More are odif- 
erous to a varying degree. Some stand shipment and some do not. 
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The best shippers have a relatively thick rind and solid flesh. The 
most important varieties belong to the group known as Haleys 
Best. There are many selections of this variety including H.B. 36 
and H.B. 936. Where powdery mildew is a serious disease, Pow¬ 
dery Mildew Resistant No. 4 and No. 6 are the most popular va¬ 
rieties. Other varieties include Hearts of Gold, originally named 
Hoodoo, and Honey Rock, a comparatively new, sparsely netted, 
round-fruited variety 5 or 6 inches in diameter. This is an excel¬ 
lent flavored variety with deep salmon-colored fruit and is well 
liked in the north central states. 

Pride of Wisconsin and Queen of Colorado are two varieties 
which resemble Honey Rock and are grown extensively. The 
larger oval-shaped varieties include Tip Top and improvements 
of Tip Top which include Bender’s Surprise and Irondequoit. 
Schoon’s hard shell is an excellent new melon. These varieties have 
salmon-colored flesh. The honeydew melons and casaba melons 
are grown extensively in the western states. They require a longer 
time for maturity than is available in the north central tier of 
states. The fruit of these melons is firm and white or green in color. 
The stem does not absciss from the honeydew and casaba types of 
melons as it does in ordinary muskmelons. 

Harvesting and storage. The safest way to insure quality musk¬ 
melons is to pick fully ripened fruits that have matured on healthy 
vines. The ordinary varieties of muskmelons form abscission lay¬ 
ers upon maturity and part from the stem with none of the stem 
attached to the fruit. This is a test of maturity which can be used 
to advantage by the beginner. Commercial growers are sufficiently 
familiar with each variety to identify the proper stage of maturity 
without looking for the abscission zone. If one-half of the stem 
remains attached to the fruit at the time of picking the fruit is 
said to be picked on the half-slip. If none of the stem remains, the 
fruit is said to be picked at full-slip. Muskmelons should never be 
picked when more than half of the stem remains on the fruit. 
Obviously, the abscission zone is formed regardless of whether the 
fruit has been grown on healthy or diseased plants so that the 
degree of slip is no insurance of quality in muskmelons. Honey¬ 
dew melons and casabas are harvested with the stem attached and 
considerable more skill is required to know when these melons 
reach the proper stage of maturity. However, the different varieties 
attain different sizes and take on certain characteristics of colora- 
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tion upon reaching edible maturity. The honeydew melons and 
casabas can be shipped long distances and stored for from 3 to 6 
weeks, whereas, the ordinary muskmelons cannot be held for more 
than 2 or 3 weeks after they are picked even with ideal storage 
conditions. Storage temperatures and recommendations for melons 
are given in chapter 11. 

Muskmelons for local market are loosely packed in bushel bas¬ 
kets or in any convenient container. For shipment to distant 
markets they are usually packed in jumbo crates which measure 
13 X 13 X 22i/^ inches and hold approximately 83 pounds of 
melons, in standard crates which are 12 X 12 X 221/4 inches, and 
hold 68 pounds of melons, or in pony crates which are 11 X 11 X 
221/4 inches, and hold 57 pounds of melons. The honeydew melons 
are usually packed in jumbo or standard honeydew crates which 
hold approximately 39 pounds, or they may be placed in jumbo 
cantaloupe crates which hold approximately 58 pounds. The 
casaba melons are usually shipped in standard crates which hold 
approximately 42 pounds of melons and the Persian melons are 
shipped either in jumbo Persian crates which hold approximately 
43 pounds or in standard Persian crates which hold 37 pounds. 
Pony Persian crates which hold 35 pounds are sometimes used. 
Most melons are not wrapped since the wrapping interferes with 
the evaporation of condensed moisture causing the surface of the 
melons to be wet. This moisture encourages the growth of rot 
organisms on the surface of the fruits. 

Insects and diseases. Insects and diseases which attack musk¬ 


melons are the same in practically all instances as described under 
cucumbers. Fusarium wilt, however, is an exception, since it some¬ 
times causes damage to muskmelons, and not to cucumbers. Crop 
rotations are about the only effective control for this disease on 
muskmelons because no resistant varieties have been developed. 
The disease can be identified by the discoloration of the water 
conduction tissues known as fibrovascular bundles which are just 
inside the skin of the stem. 


'Watermelons (Citrullus vulgaris). The watermelon is a native 
of Africa and crosses readily with the citron. Approximately 260,- 
000 acres of watermelons are grown each year in the United 
States. Although it is a fairly good source of vitamin A, the total 
food value per acre is relatively small compared with other vege¬ 
tables. At the government’s insistence watermelons were given a 
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minor place during World War II and were decreased by 100,000 

acres. Nevertheless, the demand for watermelons is very high since 

they are eaten for their characteristic flavor and not for their food 
value. 

Most varieties of watermelons are monoecious though some 
bear hermaphroditic and staminate flowers. The pistillate and 
hermaphroditic flowers occur in every seventh axil. Pollination is 
by bees, hence, cross-pollination is the rule and even under con¬ 
trolled conditions some mixture of strains is bound to occur. The 
corolla of the staminate flower is greenish-yellow, five-lobed with 
three stamens at the base. Most of the seed is produced in Florida. 

Plant characteristics. The root system consists of a short taproot 
with extensive laterals, most of which are in the upper foot of the 
soil. The stems are angular as compared with the round stems of 
the muskmelon and cucumber, but are similar in the trailing and 
branching habit. The leaves are pinnate and are divided into three 
or four lobes, which in turn are lobed and toothed. Some water¬ 
melon varieties have hermaphroditic flotvers instead of pistillate 
but in practically all cases, pollination is performed chiefly by bees. 
Relatively few of the pistillate or perfect flowers develop fruit as 
compared with the other cucurbits thus far studied. The color, 
size, and shape of the fruits vary with the variety, however, in most 
instances the fruit is large and weighs from 10 to 50 pounds. The 
edible portion of the melon consists for the most part of the fleshy, 
watery, placentae with the seeds throughout the edible part. 

Cultural practices. The culture of the watermelon is approxi¬ 
mately the same as for cucumbers and muskmelons. However, since 
the vines of watermelons grow to a larger size than those of musk¬ 
melons or cucumbers, growers frequently provide a little more 
room for watermelons. A planting distance of 6 X 6 to as much as 
12 X 12 feet, depending upon the fertility of the soil, is not un¬ 
common. Two or 3 pounds of seed are required per acre. Cul¬ 
tivation should be shallow and of sufficient frequency to kill all of 
the weeds. It is essential to pull weeds from around the plants in 
order to make sure that they do not rob the plants of moisture 

and fertility. 

Fertilizers. Approximately the same fertilizer practices are fol¬ 
lowed in growing watermelons as are followed in growing musk¬ 
melons and cucumbers. The crop responds to the constant supply 
of nitrogen which, as already indicated, may be secured by using 



CUCURBITS OR VINE CROPS 


355 


from 5 to 10 pounds of well-rotted manure under the hills or by 
the plowing under of fertilizers high in nitrogen. Watermelons 

thrive best on sandy soils. 

Varieties. Some watermelons have a tough rind and are, there¬ 
fore, good shippers while others have a very tender rind. Impor¬ 
tant shipping varieties are Tom Watson, Cuban Queen, also 
called Dixie Queen, and Stone Mountain. Kleckley Sweet is a 
variety which is high in quality but it is not a satisfactory shipping 

TABLE 41 


Watermelons: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 

« 


State 

Acreage harvested 

Production (melons) 

Yield per acre 
(melons) 

10-year 

average 

1934-1943 

1945 

1 

1 

10-year 

average 

1934-1943 

1945 

1 

10-year 

average 

1934- 

1943 

1945 

Georgia. 

60,480 

43,000 

13,709,000 

14,491,000 

235 

1 

337 

Texas. 

44,020 

75,000 

5,676,000 

12,375,000 

132 

165 

Florida. 

20,750 

39,000 

5,845,000 

10,140,000 

285 

260 

California. 

15,250 

10,800 

10,031,000 

7,532,000 

658 

697 

South Carolina.... 

21,570 

26,000 ' 

4,376,000 

6,890,000 

206 

265 

Indiana.i 

5,590 

5,100 

2,061,000 

2,168,000 

368 

425 

United States. 

244,870 

261,880 

64,047,000 

73,134,000 

266 

279 


sort. Recently, a number of Fusarium-resistant varieties have been 
developed. Leesburg Blacklee and Hawkesbury are perhaps the 
most important of the wilt-resistant varieties. The preserving 
melon or citron is, as the name indicates, used exclusively for 
making conserves and sweet pickles. It is resistant to Fusarium 
and is used extensively for breeding purposes. However, such 
crosses are likely to taste like pumpkins unless care is used to 
select high sugar-producing progenies in Fg and subsequent gen¬ 
erations. 

Climate. The watermelon requires a relatively long warm sea¬ 
son. Muskmelons will mature in from 80 to 100 days under favor- 
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able conditions, whereas, watermelons, as a rule, require 10 more 
days to reach edible maturity. 

Harvesting and storage. It is rather difficult to distinguish be¬ 
tween green and ripe melons. However, growers soon learn to 
identify the ripe melons as soon as they are familiar with the 
growth characteristics of each particular variety and the effect of 
the seasonal environment upon ripening. Under certain environ¬ 
mental conditions the melons will average large and in other en¬ 
vironmental conditions, the melons will be rather small. The 
following tests are frequently employed to distinguish between 
ripe and green melons. (1) In thumping a melon, a flat, dull sound 
usually indicates it is ripe and a sharp ringing sound indicates it 
is green. (2) The tendrils on ripe melons are usually dead and 
on green melons, they are still green. (3) The color of the melon 
in contact with the soil is usually greenish-white to yellow when 
ripe but it is green prior to this time. The degree of ripeness can 
be definitely determined by plugging. This is applicable only to 
melons ready to go to the ultimate consumer. Another test which 
must not be used except for immediate consumption is the pres¬ 
sure test. If upon pressure an interior cracking can be heard the 
melon is ripe, otherwise it is green. After this test is used the melon 
should be consumed immediately for anything injuring the in¬ 
ternal tissue is followed by internal breakdown. Larger fruits can 
be secured if only a few melons are allowed to form on each plant. 

All of these tests vary appreciably with varieties and season 
and cannot be depended upon 100 per cent with the exception of 
the plugging test. The thumping test is of considerable value in 
the field but of very little value elsewhere. Obviously, growers 
should be very careful to harvest only ripe watermelons to obtain 
quality fruit and higher returns. 

Before the melons are shipped, the cut portions of the stem 
should be treated with a starch paste made by adding 8 ounces of 
copper sulphate to 3i/^ quarts of water and then adding 8 ounces 
of laundry starch. This prevents the development of stem-end rot 
in transit. The treatment should be applied on a fresh cut as the 
melons are being loaded into the car. The melons are loaded in 
cars on a layer of straw to prevent excessive bruising. 

Diseases and insects. Watermelons are attacked by Fusarium 
which causes great damage in some sections of the country. Re- 
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sistant varieties are available. The control of other pests which at¬ 
tack watermelons has been discussed earlier in the chapter. 

Pumpkins and squash. Pumpkins and squash belong to three 
species of Cncnrhitz.,. Cucurbita pepo and Cucurbita moschata, tb 
which most so-called pumpkins belong and Cucurbita maxima, 
which includes most of the cultivated squash. Castetter and Erwin 
classified the botanical varieties as follows: 


A. Leaves 

1. Prickly, deep sinuses between lobes. C. pepo 

2. Not prickly, sinuses indistinct or absent 

a. Lobes pointed, with rare exception, leaves 
soft, hairy with white spots at intersections 

of veins. C, moschata 

b. Lobes rounded, rough, hairy, kidney shaped, 

white spots never present. C. maxima 

B. Fruit stalks 

1. Cylindrical, soft and spongy, yielding readily to 

thumbnail . C. maxima 

2. Distinctly five-sided, regularly grooved, hard 

a. Flaring at attachment to fruit. C. moschata 

b. Not noticeably flaring or enlarged at attachment 

to fruit. C. pepo 

3. Roughly cylindrical, not definitely five-sided, 
irregularly grooved, not flaring or noticeably 

enlarged at attachment to fruit, hard.C. moschata 

C. Seeds 

1. Color, grayish-white to tan; margin thickened, 
deeper in color and different in texture from 
body of seed; seed scar slanting, rounded or 
horizontal . ..C. moschata 


2. Margin, when present, identical in color and tex¬ 
ture with body of seed 

a. White, or brown to bronze; seed scar slanting. . .C. maxima 

b. Tan colored; seed scar horizontal or rounded. C. pepo 

In addition to the three species included in the above classifica¬ 
tion, gourds are frequently grown for ornamental purposes. These 
gourds belong to the genus Lagenaria. The Dipper gourd, Her¬ 
cules Club, Mate gourd, Sugar, Turogh, Spoon, Serpent, Powder 
Horn, Bottle-shaped, and Calabash gourds all belong to Lagenaria 
vulgaris. The orange- and pear-shaped gourds, on the other hand. 
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belong to Cucurbita pepo and 
the ostrich egg belongs to Cucu- 
mis dipsaceus. The rag or sponge 
and bonnet gourds belong to 
the genus Luffa. Pumpkins and 
squash do not cross with musk- 
melons, with watermelons, or 
with cucumbers. However, the 
Cucurbita moschata and Cucur¬ 
bita pepo hybridize easily and the 
hybrids are very prolific. The 
Cucurbita pepo and Cucurbita 
maxima cross produces few fer¬ 
tile seed. Cucurbita moschata- 
Cucurbita maxima combinations 
show staminate sterility but are 
easily back-crossed with the par¬ 
ents. 


Fig. 125. Connecticut Field pump- According to Erwin, Cucur- 
kin. bita pepo and Cucurbita moscha¬ 

ta are of American origin. Cu¬ 
curbita maxima is generally considered to be Asiatic in origin. 

Growth characteristics. These two trailing plants grown as an¬ 
nuals are discussed together because their taxonomic classification 
and the popular acceptance of the terms pumpkin and squash are 
usually at variance. The root system is characterized by a short 
taproot which tapers to a thin threadlike root which attains a 
length of from 15 to 18 inches. Many laterals rise to within 1 inch 
of the soil level and descend to a depth of 10 inches along the 
taproot. These laterals extend outward and are covered with fine, 
absorbing roots. From 3 to 8 branches rise from the main stem 
from nodes near the ground level, and these may grow to a length 
of from 15 to 20 feet in some of the vine types. In the bush types, 
the internodes are much shorter and the plant is rather compact. 
The leaves are simple, three-lobed, and the depth of lobes and 
angle of cut varies with the species or the variety. 

Most varieties of pumpkin and squash are monoecious, however, 
there are a few examples of plants with hermaphroditic flowers. 
Pollination is performed chiefly by bees. The fruiting habit varies. 
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with some of the large-fruited varieties aborting all of the early 
pistillate flowers, and some of the small-fruited varieties setting 
most of the early pistillate flowers and aborting the later ones. The 
flowering normally extends over a period of several weeks. The 
size, weight, color, shape, texture, and taste of the fruit varies con¬ 
siderably with the variety. The seeds are large and are borne within 
the three to five locular fruit on a fibrous and rather tough 

placenta. 

Culture. The pumpkins and squash require approximately the 
same cultural practices as watermelons and muskmelons. Bush 
pumpkins are usually planted in hills 4x4 feet or 4 X 5 feet. The 
running vines are planted in hills 8x8 feet to 10 X 10 feet de¬ 
pending upon the fertility of the soil and the vigor of the varieties. 
Both bush and running vines can be planted in rows and thinned 
to the desirable distance. From 3 to 4 pounds of seed are required 

per acre. 

Groups'of pumpkins. Members of the Connecticut Field group 
(C. pepo) are either round with flattened ends, or oblong with a 
grooved surface. This group includes Connecticut Field, Sugar 
Pumpkin, Pie Pumpkin, Fort Berthold, Golden Oblong, Mam¬ 
moth Tours, Omaha, and Sandwich Island. Some of these are the 
best known pie varieties, but a few forms are grown primarily for 
stock feed. The vines pf this group are of the running habit. 

Those of the Cheese group (C. moschata) are smooth, creamy 
buff, thin-shelled fruits of various shapes. They are popular with 
canners and are also desirable as stock feed because of the thin 
shell. The varieties, which include Calhoun, French Cocoanut, 
Large Cheese, and Quaker Pie, all have running plants. 

The Cushaw group (C. moschata) have plants of the running 
type. The fruits, which are smooth, with a curved or straight neck, 
much enlarged at the blossom end, are used extensively by canners. 
with the exception of the Tennessee Sweet Potato, the thin shell 
makes them quite desirable also as stock feed. The varieties in¬ 
cluded in this group are Japanese Pie, Mammoth Golden Cushaw, 
Small Golden Cushaw, Striped Cushaw, Tennessee Sweet Potato, 
and White Cushaw. 

The Fordhook group (C. pepo) has rather small fruits, quite 
variable in shape, which are characterized by distinct grooves and 
ridges. This group, which includes Delicata, Fordhook Bush, 
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Fig. 126. Pie pumpkin. 


Fordhook, Panama, Perfect Gems, Table Queen, and Winter Nut, 
embraces both summer and winter pumpkins and also has bush 
and running plants. 

Fruits of the Patty Pan group (C. pepo) are flat with a scalloped 
edge. They are summer pumpkins of the bush type and are used 
before the shell hardens because the flesh becomes tough and 
bitter at maturity. Although popularly known as squashes, the 
fruit stalk and other botanical characters clearly show this group 
to be pumpkins. The varieties of this group include Early White 
Bush Scallop, Early Yellow Bush Scallop, Golden Gustard, Mam¬ 
moth White Bush Scallop, and Long Island White Bush Scallop. 

The Crookneck group (C. pepo) has fruits which are golden 
yellow or white, thickly warted with long, curved necks. Like the 
Patty Pans, these are used only as summer pumpkins, and the vari¬ 
eties include Strickler, White Summer Crookneck, and Yellow 
Summer Crookneck. 

Fruits of the \Tgetable Marrow group (C. pepo) are oblong with 
a smooth skin and a shell which is hard at maturity. They range in 
color from cream to dark green and are used only as summer 
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Fig. 127. Table Queen squash. 


pumpkins before their shells harden. The plants are of both bush 
and running habit, and the varieties include Cocozelle, Long 
White Marrow, Vining Cocozelle, White Vining Vegetable Mar¬ 
row, and Zucchine. 

The Mandan and Chirimen pumpkins have not sufficient char¬ 
acteristics in common with the groups mentioned to warrant their 
classification with any of them. 

Groups of squashes. Fruits of the Banana group are elongated 
and somewhat tapered at both ends. Although they are not so well 
known as the Hubbard group, some of them are varieties of excel¬ 
lent quality. The group includes Banana, Alligator, Gilmore, 
Mammoth Whale, Plymouth Rock, and Winnebago. 

The Hubbard group includes fruits of a general ovoid shape 
which are always pointed at the blossom end. Their surfaces vary 
from smooth to strongly warted, and they range in color from deep 
green to orange. This group comprises a number of the most 
widely grown varieties of squashes; Arikara, Autumnal Marrow, 
Blue Hubbard, Chicago Warted Hubbard, Delicious, Golden De¬ 
licious, Golden Hubbard, Green Hubbard, Ironclad, Kitchenette 
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Fig. 128. Delicious scjuash. 


Hubbard, Marblehead, Prolific Marrow, and Sibley. They store 
well and are popular for table use. 

The Turban group has turban-shaped fruits, which usually have 
a button at the blossom end. With the exception of the American 
Turban, the thick, hard shell of the fruits makes those of this 
group easy to keep. This group, which includes American Turban, 
Essex Hybrid, Bay State, Victor, and Warren, is not widely culti¬ 
vated. 

The Mammoth group is made up of large squashes which are 
used for exhibition purposes, canning, and stock feed. Some speci¬ 
mens of this type w'eigh more than 100 pounds. The varieties. 
Atlas, Estampes, Genuine Mammoth, and Mammoth Chili, are 
sometimes erroneously listed as pumpkins at fairs and other ex¬ 
hibits. 

The foregoing list includes all of the commonly cultivated vari¬ 
eties of squashes except Faxon’s Brazilian, which cannot be placed 
with any particular group. 

The Connecticut Field and Kentucky Field varieties of pump- 
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Fig. 129. Hubbard squash. 


kins aie grown extensively for canning. They are low in total 
solids. The Hubbard and Delicious squash are two of the most 
popular varieties of squash grown for storage and winter con¬ 
sumption. They are high in total solids (containing 20 per cent 
as compared to 6 or 7 per cent for Kentucky Field). Table Queen 
and Fordhook are two varieties of pumpkins commonly called 
squash that are used extensively for baking; and Bush Scallop, 
Summer Crookneck, and Summer Straightneck are summer varie¬ 
ties cooked in the immature stage the same way that turnips are 
cooked. They, therefore, should be harvested when the shell is 
soft and before the seeds attain full size. Italians frequently harvest 
the female fruits before the blossom closes. 

Insects and diseases. The insect and disease pests are approxi¬ 
mately the same as for muskmelon, watermelons, and cucumbers. 

Harvesting and storage. As already indicated, the summer sorts 
should be harvested before the rind becomes hard and before the 
seeds attain a large size. ^Vinter varieties of pumpkins and squash 
should mature so that the shell is hard and not easily cut by the 
thumbnail test. It is important to harvest all of the pumpkins and 
squash before frost. 
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Prior to storing, the injured and immature pumpkins and 
squashes should be discarded or consumed immediately. The 
mature fruits should be placed in a storage where the temperature 
is held at approximately 50° F. with a relative humidity of from 
70 to 75 per cent. The large sorts are commonly marketed in bar¬ 
rels, but the smaller varieties may be marketed in hampers or in 
bushel baskets. Those sold to the canning factory are hauled to the 
factory in any convenient conveyance without packaging. 

Chayote. Chayote (Sechium edule) is also a cucurbit which is 
said to be a native of Mexico and Central America. It is a climbing 
plant frequently used in California and in some of the southern 
states as an ornamental plant. The fruits, which weigh from a few 
ounces to two pounds or more, are commonly seasoned with salt 
and eaten out of the hand. They may also be cooked as summer 
squash or boiled and served with a cream sauce. They are also 
frequently baked with cheese. 

Culture. The chayote is a warm-season crop and it requires a 
long season. It does not always come true to seed and is, therefore, 
commonly propagated by vegetative means. However, the propaga¬ 
tion by seed is most common. The entire fruit is planted with the 
large end slightly under the surface of the soil and with the pointed 
end above the surface. If the fruits are planted soon after the 
sprouts start, it is possible to plant them so that the sprout remains 
above the surface of the soil. In any event, the bud end should not 
be covered with more than one inch of soil and this should be 
very loose. Several plants should grow together to insure fruit 
setting, and they are usually grown on a trellis. 

Insects and diseases. The chayote is attacked by the same insects 
and diseases which attack cucumbers. 


REVIEW QUESTIONS 

1. Describe the environmental conditions most favorable for the 
development of high quality muskmelons. 

2. How long is the viability of melon seed retained? 

3. Discuss the use of plant protectors for the forcing of melons. 

4. How may soluble solids, refractive index, or extracted sap and 
the starch content of seed be used in denoting the state of fruit ma¬ 
turity? 

5. Can melons be ripened during transit or storage? 

6. How can you tell when to pick muskmelons? 
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7. Should melons be wrapped with paper? 

8. Where is most of the melon seed produced in the United States? 

9. Give control measures for mosaic, bacterial wilt, powdery mil¬ 
dew, rust, anthracnose, downy mildew, striped and twelve-spotted cu¬ 
cumber beetles, and root knot. 

10. If the peduncle of winter melons does not absciss how can you 

tell when to pick the fruits? 

11. When should cucumbers be picked? 

12. Is parthenocarpy common to any variety of cucumbers? 

13. Do you think it would be profitable to employ Fj seed for cu¬ 
cumber production? 

14. Describe the method of packaging muskmelons and cucumbers. 

15. Is it possible to stimulate the development of the ovary of Cucur- 
bita by pollination without fertilization? 

16. Be able to describe the culture of pumpkins, squashes, and water¬ 
melons. 

17. What is the botanical difference between true gourds and 
squashes? 

18. What name is used in England for squash? 

19. Define bicollateral, sieve tubes, stylar tissue, embryo sac, geito- 
nogamous, and placentae. 

20. What are some of the most popular varieties of pumpkins and 
squashes? 

21. Name and describe the three botanical species of Cucurbita. 

22. What varieties of squash contain a relatively high percentage of 

total insoluble solids? 

23. Would they be desirable for canning purposes? 

24. What type of container is used for shipping squash? 

25. What weight melon is in the greatest demand? 

26. How may large sized fruits be secured? 

27. Where is most of the watermelon seed produced? 

28. Give control measures for the squash bug, squash vine borer, 
Fusarium wilt, anthracnose, and stem and blossom-end rot of water¬ 
melons. Describe watermelon flowers. 

29. What per cent of watermelon fruits are sugar? 

30. In what form does the sugar occur? 

31. Do watermelons thrive best on acid, neutral, or sweet soils? 

32. Why are “goosenecks” and “nubbins” removed from watermelon 
vines? 

33. How can you tell when watermelons should be picked? 

34. What is the best fertilizer for watermelons? 

35. Where are the principal producing regions? 

36. How were Fusarium-resistant varieties produced? 



366 


VEGETABLE SCIENCE 
REFERENCES 

Beattie, J. H., “Growing Cucumbers for Pickling,” U. S. Dept. Aer 
Farmers’ Bui. 1620, 1930. ^ ’ 

Beattie, W. R., Cucumber Growing, U. S. Dept. Agr., Farmers’ Bui 
1563, 1928. 

Beattie, W. R., “Muskmelons,” U. S. Dept. Agr., Farmers’ Bui. 1468 
1930. 

Beattie, W. R., “Watermelons,” U. S. Dept. Agr., Farmers’ Bui. 1394 

1927. 

Castetter, E. F., and Erwin, A. T., “A Systematic Study of Squashes 
and Pumpkins,” Iowa Agr. Exp. Sta. Bui. 244, 1927. 

Dearborn, R. B., “Nitrogen Nutrition and Chemical Composition in 
Relation to Growth and Fruiting of the Cucumber Plant,” Cornell 
(N. Y.), Memoir, 192, 1936. 

Ecton, P. T., “Production and Harvesting of Watermelons,” Ark. 

Ext. Cir. 225, 1938. 

Edmond, J. B., Strand, A. B., and McFall, F. J., “Cantaloupe Produc¬ 
tion in Michigan,” Mich. Spec. Bui. 193, 1930. 

Enzie, W. D., “Cucumber Growing In New York,” N. Y. State Agr. 
Exp. Sta. Cir. 150, 1934. 

Goff, C. C., and Tissat, A. N., “The Melon Aphid,” Fla. Agr. Exp. 
Sta. Bui. 252, 1932. 

Haltern, V. H., “Seed Treatment,” Ga. Exp. Sta. Cir. 88, 1930. 

Isley, Dwight, “The Striped Cucumber Beetle,” Ark. Agr. Exp. Sta. 

Bui. 216, 1927. 

Kimbrough, W. D., “The Effect of Fertilizer on the Quality and 
Keeping Quality of Watermelons,” Plant Phys., vol. 3, pp. 373-385, 
1930. 

Moore, C. T., and Branch, G. V., “Commercial Grading, Packing and 
Shipping of Cantaloupes,” U. S. Dept. Agr., Farmers’ Bui. 707, 1926. 
Muncie, J. H., “Cucumber Diseases,” Mich. Agr. Exp. Sta. Circ. Spec. 

Bui. 273, 1936. 

Orton, W. A., and Meier, F. C., “Diseases of Watermelons,” U. S. 

Dept. Agr., Farmers’ Bui. 1277, 1922. 

Park, J. W., “Marketing Cantaloupes and Other Muskmelons,” U. S. 

Dept. Agr., Tech. Bui. 425, 1934. 

Parker, M. M., “Cantaloupe Culture with Plants Started under 

Glass,” Va. Truck Exp. Sta. Bui. 51, 1925. 

Porter, D. C., “Watermelon Breeding,” Calif. Agr. Exp. Sta. Hil- 

gardia, vol. 7, No. 15, 1933. 

Seaton, H. L,, “Influence of the Length of the Interval between Pick¬ 
ings on the Yield and Grade of Pickling Cucumbers,” Mich. Agr. Exp. 
Sta. Spec. Bui. 259, 1935. 



CUCURBITS OR VINE CROPS 


367 


Seaton, H. L., Hutson, Ray, and Muncie, J. H., “The Production of 
Cucumbers for Pickling Purposes,” Mich. Agr. Exp. Sta. Spec. Bui. ^73, 

^^Stuckey, H. P., “Watermelons,” Ga. Exp. Sta. Bui. 143, 1924. 

Walker,’ M. N., “A Wilt-Resistant Watermelon for Florida,” Fla. Agr. 

Exp. Sta. Bui. 288, 1936. 

Walker, M. N., and Weber, G. F., ‘‘Diseases of Watermelons in 

Florida,” Fla. Agr. Exp. Sta. Bui. 225, 1931. 

Ware, G. W., “Plant Protectors and Other Factors Influencing the 

Earliiiess and Production of Cantaloupes,” Ark. Exp. Sta. Bui. 324, 
1936. 

Weber, G. F., “Cucumber Diseases in Florida,” Fla. Mgr. Exp. Sta. 

Bui. 208,^929. ^ 

Woodard, O., “Watermelon Culture in the Coastal Plain of Geor¬ 
gia,” Ga. Coastal Plain, Exp. Sta. Bui. 18, 1932. 



chapter 24 



Salad crops, so named because they are usually eaten without 
being cooked, provide one of the best sources of vitamins A, Bj, B 2 , 
and C, especially if the salad is prepared and eaten immediately 
without being pulverized too finely in the preparation process. 
Fine chopping exposes the tissue to oxidation and the destruction 
of vitamin C. The vitamin values of different vegetables can be 
secured from Table 6 in chapter 2. 

Lettuce. Lettuce (Lactuca sativa) is the most extensively grown 
and the most important of all the salad crops. The acreages are 
given in Table 42. Lettuce is a native of Europe and Asia. All 
varieties thrive best in cool weather with an abundant supply of 
moisture. Most varieties go to seed during extremely warm 
weather. Head lettuce is grown much more extensively than leaf 
lettuce although the carotene content of head lettuce is much less 
than that of leaf lettuce. Practically no carotene is present in the 
center blanched leaves. 

Soil and fertilizers. A great portion of the lettuce crop is grown 
in silt- or sandy-loam soils. Leaf lettuce makes an excellent growth 
on muck, and where the season remains cool throughout the grow¬ 
ing period, head lettuce will form solid heads of a large size. How¬ 
ever, if the weather is warm during the time the crop is heading, 
it does not do well on muck soils because the heads are likely to be 
loose and the tips of the leaves will be killed by excessive transpira¬ 
tion commonly called tip burn. 

As with all of the other salad crops, lettuce requires an abundant 
supply of nitrogen in order to produce a succulent growth. This is 
especially true of leaf lettuce. Head lettuce should be well sup¬ 
plied with nitrogen up until the time the head starts to solidify. 
If an excess of nitrogen is available in the final stages of growth 
and the temperature is above 70° F. loose heads will form. Most 
growers apply at the rate of 1,000 pounds per acre a complete 
fertilizer such as a 5-10-10 on the sandy- and silt-loam soils and a 
3_9_18 or a 0-10-10 or a similar fertilizer on muck soils, Nitro- 
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gen is applied later if needed. Manure and other forms of organic 
matter usually can be used with profit for growing lettuce on silt- 

and sandy-loam soils. ^ ... _ - » 

The lettuce will grow well at any soil acidity from 5.5 to 7. 
Above 7, however, manganese and other deficiencies are likely to 

develop. 

Cultural practices. The vast majority of head lettuce grown in 
the western states is sown with multiple-row seed drills pulled by 
tractors so that the rows are spaced from 14 to 18 inches apart. 
This requires from li/^ to 2 pounds of seed per acre. At the 

TABLE 42 


Lettuce: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

Acreage harvested 

Production (crates) 

Yield per acre 

(CR ATES) 

10-year 
average 
1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

• 

lO-ycar 

average 

1934- 

1943 

1945 

California. 

98,990 

107,180 

14,061,000 

19,122,000 

142 

178 

Arizona. 

32,720 

39,000 

4,255,000 

6,165,000 

134 

158 

Idaho. 

2,260 

4,200 

240,000 

627,000 

1 

106 

149 

Oregon. 

1,680 

3,550 

189,000 

526,000 

113 

148 

Colorado. 

4,040 

4,200 

406,000 

504,000 

101 

120 

United States. 

153,030 

172,650 

21,572,000 

29,648,000 

142 

172 


earliest possible moment the plants are thinned so that they stand 
from 12 to 18 inches in the row, and in thinning the large, vigorous 
growing plants should be left in the ground, and the spindly 
plants should be destroyed. During the thinning process it is 
essential that the operation be accomplished with the least pos¬ 
sible disturbance of soil around the plants which are left to mature. 
Hoes and other blocking tools can be used but plants should be 
pulled from around the plants that are to be left for maturity in 
order to disturb the soil as little as possible. These plants should 
never be left on top of small mounds of soil which are likely to dry 
out. This same precaution should be utilized in thinning all vege¬ 
table crops. 










Fig. 130. Growing head lettuce plants in an electrically heated hotbed. 


In the eastern states where it is rather difficult to grow head let¬ 
tuce because of the short period of favorable cool weather during 
the spring it, is common practice to sow the seed in sterilized soil 
in the greenhouse approximately 7 weeks before the plants can be 
set in the field. Two ounces of seed will produce sufficient plants 
to set an acre. From 500 to 1500 plants can be started in an ordi¬ 
nary sized flat, 17 X 22 inches. These seedlings should be trans¬ 
planted to sterilized soil, spaced approximately li/^ X 11/2 iiiches, 
8 or 9 days after the seed is sown. If the plants are transplanted 
while they are small the operation can be accomplished with prac¬ 
tically no injury to the roots or tops. Some growers who attempt to 
get early crops often transplant the seedlings in sterilized soil in 
2i/4-inch pots. If these transplanted seedlings are thoroughly hard¬ 
ened they can be set in the field approximately 6 weeks before the 
date of the last killing frost in the spring. In most climates five or 
six killing frosts are likely to occur after the plants are set in the 
field. Properly hardened plants will stand a temperature of 10 or 
12 degrees below freezing without any material damage. As soon 
as the plants are set, they should be irrigated to insure a rapid 
start. As soon as the plants become rooted the nitrogen content of 
the soil should be maintained at approximately 20 parts per mil¬ 
lion by surface applications of soluble nitrogenous fertilizers such 
as nitrate of soda, ammonium nitrate, and sulphate of ammonia. 
This will hasten maturity and induce heading before severe hot 
weather arrives. If the plants are set so there are approximately 
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24,000 plants per acre they will use most of the available nitrogen 
before the heads start to solidify. At this time the nitrogen content 
of the soil should have been decreased to about 5 parts per million, 
thus slowing the growth and encouraging solid heading even 
though the temperature may be abnormally high. By following 
this procedure many progressive gardeners in the north central and 
eastern states have succeeded in producing a lettuce crop which 
competes successfully with the head lettuce grown in the western 
states under more ideal climatic conditions. In the western states 
where the temperature remains cool while the heads are being 
produced, it is not necessary to be so careful in regulating the ni¬ 
trate content of the soil. 

The crop should be given shallow cultivation with sufficient 
frequency to control weeds. 

Varieties. Tracy’s classification of lettuce is given here (slightly 
modified). 

I 

Class I. Butter varieties 

Subclass A. Cabbage-heading varieties 
Color Division 1. Plants wholly green 

a. Philadelphia Butter 

b. Black-seeded Tennis Ball 

Color Division 2. Plants tinged brownish, larger part green 

a. California Cream Butter 

b. Big Boston 

c. White-seeded Tennis Ball 

Color Division 3. Plants brownish, small portion green 

a. Brown Head Eureka 

b. Sugar Loaf 

Subclass B. Bunching varieties 

Color Division 1. Plants wholly green 

a. Oak-leaved 

b. Earliest Cutting 

c. Golden Hearted Lancaster 
Color Division 2. Plants brownish 

Class II. Crisp varieties 

Subclass A. Cabbage-heading varieties 
Color Division 1. Plants wholly green 

a. Brittle Ice 

b. Hanson 

c. New York 

Color Division 2. Plants tinged brownish, larger part green 
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a. Density 

b. Iceberg 

c. Marblehead 

d. Mammoth 

Color Division 3. Plants brownish, small part green 

a. Chartier 

b. Mignonette 

c. Sugar Loaf 

Subclass B. Bunching varieties 

Color Division 1. Plants wholly green 

a. Black-seeded Simpson 

b. Boston Curled 

c. Grand Rapids 

d. White-seeded Simpson 

Color Division 2. Plants brownish, small part green 

a. American Gathering 

b. Chartier 

c. Prize Head 
Class III. Cos varieties 

Subclass A. Spatulate-leaved varieties (self-closing) 

Color Division 1. Plant wholly green 

a. Dwarf White Cos 

b. Express Cos 

c. Giant White Cos 

d. Green Cos 

e. Paris White Cos (Trianon) 

f. Prince of Wales Cos 

Color Division 2. Plants brownish 
a. Red Winter Cos 

Subclass B. Lanceolate-leaved varieties (loose-closing) 

1. Bath Cos 

2. Asparagus 

Subclass C. Lobed-leaved varieties 
1. Asparagus, Lobed-leaved 

Of the crisp varieties, the large strains of New York and Imperial 
are commonly grown in the western states. In the eastern states 
strains which mature rather quickly such as New York 12, New 
York 15, Imperial 44, and Imperial 847 are commonly grown. 
Since a great amount of breeding work is still in progress, the 
eastern grower should be constantly on the alert for the introduc¬ 
tion of new varieties less subject to tip burn. Great Lakes is one of 
these new varieties which is less susceptible to tip bum. Of the 
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butter heading types of lettuce, Big Boston is the variety enjoying 
the greatest popularity. It is grown less and less however, because 
the outside leaves have a bitter tang and cannot be used as can the 
outside leaves of the crisp type of head lettuce. 

Paris White Cos is the most popular type of romaine or Cos 
lettuce and Grand Rapids is the most extensively grown leaf let¬ 
tuce in the greenhouse. Black-seeded Simpson and Grand Rapids 
are still grown in the field to a limited degree by market gardeners. 

Harvesting and storage. Leaf lettuce is cut at any stage of matu¬ 
rity before it starts to send up seedstalks. If the price is good the 
plants may be cut when they are only 6 or 8 inches tall. This is 
especially true if it is anticipated that the price will be lower when 
the leaves get larger. However, when a good price is anticipated 
throughout the growing period, growers frequently allow the 
plants to attain the maximum growth, at which time individual 
plants may weigh as much as one pound. In the greenhouse, when 
the leaf lettuce is grown in the wintertime, maximum maturity 
is nearly always permitted in order to get the greatest possible 
weight. 

Head lettuce is usually cut when the head is solid and before 
any sign of seedstalk development is noted. During hot weather in 
the eastern states it is frequently necessary to cut the heads before 
they become solid. In the western states under favorable growing 
conditions head lettuce becomes almost as solid as cabbage heads. 
The experienced grower can tell at a glance when to cut head 
lettuce. The novice will experience a little difficulty at first. Care 
must be taken never to exert pressure on the head to find out if it is 
ready for harvesting. Such pressure tears the crisp leaves resulting 
in the entrance of fungus diseases and bacteria which renders the 
head valueless for market purposes. 

Grading and packing. Leaf lettuce is usually packed in baskets 

with a 10-pound capacity. It is submerged in water to freshen it and 

sent to nearby markets without being iced. The older, discolored 

leaves from head lettuce are removed and the heads are packed in 

special crates which hold from 4 to 7 dozen heads. The layers are 

packed with the stem end up and cracked ice is placed between 

each layer. The entire crate is lined with waterproof paper, usually 

of a heavy wax craft design. However, some shippers use parch- 
mentized paper. 

Storage. Head lettuce cannot be stored for longer than 3 or 4 
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weeks. This includes the time elapsed in transit. The temperature 
should be maintained as near 32° F. as possible. 

Diseases and insect pests. Lettuce drop, caused by Sclerotinia 
libertiana is the most important disease. It attacks the plant at the 
base and can be identified by the white mycellium which, if left 
to develop, ultimately produces sclerotia. The disease is not carried 
by tvind and the practical control is crop rotations and steriliza¬ 
tion of the soil in the seed bed. 

Bottom rot is caused by a number of fungi. However, different 
species of rhizoctonia usually cause the greatest damage. This 
disease can also be somewhat effectively controlled by proper crop 
rotations and by proper sterilization of seed bed soil. 

Gray mold is caused by different species of Botrytis which, as the 
name indicates, produces gray moldlike areas which are difficult 
to control because the spores are distributed universally by air 
currents. About the only control is to regulate the seed bed tem¬ 
perature so that best growing conditions will prevail. Tempera¬ 
tures of from 55° to 65° are recommended. The fungus grows best 

at a somewhat higher temperature. 

Downy mildew, caused by Bremia lactucae, often causes con¬ 
siderable damage in California. Since the disease is also dissemi¬ 
nated by air currents, the control is essentially the same as for gray 

mold. 

Virus diseases have been reported occasionally but have not 
caused a great deal of damage in any locality. Crop rotations and 
the control of insect carriers such as aphids are the principle con¬ 
trol measures. 

Tip burn is a physiological condition brought about by high 
temperatures and unfavorable growing conditions. There is con¬ 
siderable controversy as to just what causes the breakdown. R. C. 
Thompson is of the opinion that the breakdown is caused by un¬ 
necessary accumulation of respiratory products and not by low 
humidities. The best control is perhaps the development of varie¬ 
ties which are resistant to tip burn. Great Lakes, among the head 
lettuce varieties, is supposed to be one of the most resistant and 
several strains of Grand Rapids are fairly resistant to tip burn, 

especially when grown in the greenhouse. 

Celery. Celery (Apium graveolens), a native of Europe and Asia. 

is the second most important salad crop. Until recently, the public 
demanded blanched celery. However, the trend at present is almost 
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entirely in favor of the unblanched Pascal type of celery. This is 
fortunate from the dietetic standpoint because the blanched prod¬ 
uct is almost devoid of carotene, whereas the green product is rich 
in carotene. The green varieties, especially the winter sorts, are rich 

in carotene before being blanched. 

Climatic requirements. Celery is a cool-season vegetable and can 

stand temperatures of 5 or 6 degrees below freezing provided it is 
properly hardened. However, long exposures to cool temperatures 
(40° or 50° F.) induce most varieties to produce seedstalks. This 
is a desirable characteristic from the standpoint of seedsmen who 
want to breed new varieties because they can produce a crop of 
seed in 1 year rather than in 2 years as would be the case under 
normal conditions since celery is considered a biennial. Seedsmen, 
however, must be careful in producing seed in 1 year to avoid 
securing strains which are susceptible to the annual seeding habit. 
It usually requires from 20 to 30 days’ exposure to a temperature 
of 40° to 50° F. to induce the seeding habit. On the other hand, 
it is possible to inhibit seed formation by grooving the plant con¬ 
tinuously at a temperature of 70° F. or above. In this way normal 
biennial celery can be made to grow as a perennial. 

Soils and fertilizers. Muck soils predominate in the production 
of celery. Muck is fairly retentive of moisture and a continuous 
supply of moisture is essential for good growth of celery. An 
adequate water supply favors the development of succulent tissue 
which is always to be desired over tough, stringy tissue. Another 
important advantage of an ample water supply is the prevention of 
hollow stalks. It is well recognized that celery grown on soils 
which are not retentive of moisture frequently produces hollow 
stalks when sudden dry periods materialize. Soils which are under¬ 
laid with hardpan or where the root system for some reason or 
other does not penetrate deeply very frequently produce celery 
with hollow stems. 

Sands and sandy-loam soils are frequently used for celery culture. 
A great portion of the celery grown on the Sanford, Florida, area 
is grown on sand, although the tendency even in this section is to 
utilize muck where available. Celery of good quality can be grown 
either on muck or on sand provided plenty of moisture and plenty 
of fertilizer is available. 

Celery responds unusually well to heavy applications of organic 
manures, and market gardeners frequently rely on a practice of 
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applying 15 or 20 tons of manure 
per acre supplemented with 1000 
pounds of a complete fertilizer 
for celery culture. However, it is 
possible to grow celery without 
animal manures. On muck soils 
fertilizers containing considera¬ 
ble potash such as a 4-8-6, 6-8-6, 
3-9-18, or similarly proportioned 
fertilizer is commonly used. Ad¬ 
ditional nitrogen is usually ob¬ 
tained, however, by using the 
same type of fertilizer before the 
plants are set and then by mak¬ 
ing supplemental applications of 
sulphate of ammonia, ammoni¬ 
um nitrate, or nitrate of soda. 

Cultural practices. Celery seed is extremely small and is seldom 
planted where the crop is to mature. For the early crop, seed is 
frequently sown in sterilized soil 10 or 12 weeks before setting the 
plants in the field. As soon as the seedlings are up they are com¬ 
monly transplanted about li/^ X 11/2 inches apart in sterilized 
soil. Eight ounces of good seed will produce enough plants for an 
acre. If the seed is planted thinly in flats or in the outdoor seed bed 
the extra transplanting is not given, and the plants are allowed to 
attain transplanting size in the original seedbed. Even in the 
greenhouse, care must be exercised not to cover the seed too deeply 
because poor germination will result. Paper or glass covers are 
frequently employed in order to keep the shallowly sown seed 
moist until the plants are germinated. When the seed is sown out¬ 
doors for the spring, summer, and late crops the bed is especially 
well prepared, the seed is sown thinly and the entire bed is covered 
with burlap or some similar material until the seeds germinate. 
No attempt is made to cover the seed with soil; Another method 
which is sometimes practiced to insure germination is to mix the 
seed with moist muck until the seed germinates. The small ger¬ 
minated seed can then be sown in rows and allowed to grow until 
they are large enough to be set in the field. Soaking the seed prior 
to planting hastens germination. The seed may be sown broadcast 

or in rows irrespective of where it is planted. 
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Fig. 131. Celery production. 
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The plants should be kept moist but not too wet throughout 
the growing period. When the early crop is set the plants should be 
hardened so that they will not be injured by late spring frosts. 
Most gardeners make a practice of trimming off the tops of the 
celery plants to make them more convenient to handle during 
transplanting. Actually, this is a checking process which should not 
be followed unless the plants are unwieldly because of the large 
size. The seedlings are usually set from 6 to 8 inches apart in rows 
3 feet apart. Some gardeners set the plants in double rows so that 
the double rows are spaced 6 inches apart. In this case a little more 

TABLE 43 


Celery: Acreage, Production, and Yield per ACre of Leading States 

AND OF Total U. S. 


State 

Acreage harvested 

Production (crates) 

Yield per acre 
(crates) 

10-year 

average 

1934-1943 

1945 

10-ycar 
average 
1934-1943 

1 

1945 

10-year 

average 

1934- 

1943 

1945 

California. 

13,330 

15,600 

5,341,000 

6,678,000 

400 

428 

Florida. 

7,130 

11,050 

3,636,000 

5,512,000 

510 

499 

Michigan. 

6,290 

6,550 

1 

2,491,000 

2,952,000 

396 

451 

New York. 

4,520 

4,350 

1,524,000 

1,136,000 

337 

261 

Ohio. 

2,200 

1,450 

899,000 

637,000 

409 

439 

United States.. . . 

39,110 

44,190 

15,817,000 

18,925,000 

403 

428 


4 

room is allowed between the double roiv. However, rows spaced 
3 feet apart are most convenient for spraying with mechanical 
equipment. The plants may be set by hand or by machine. It is 
important to apply adequate moisture as soon as the plants are set. 
On muck soils it is common practice to subirrigate the plot a day 
or two before the plants are put into the ground. This eliminates 
the necessity of using water at transplanting time. In the Florida 
region the fields are usually irrigated as soon as the plants are set. 
Each plant receives a cupful of water and the entire field is irri¬ 
gated by the furrow method. Most market gardeners, on the other 

hand, make extensive use of the overhead types of irrigation. (See 
chapter 10.) 
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Fig. 132. Celery in an oil-heated hotbed. Note the freedom from weeds 
which is due to treatment with 15% aromatic oil. 


Cultivation. Clean cultivation should be given throughout the 
growing period; however, celery roots are very shallow and care 
should be taken to avoid root injury by deep cultivation. Weeds 
in the seedbed and in the field can be effectively controlled by the 
application of about 80 gallons per acre of a cleaning solution 
which contains 15 per cent aromatic constituents. The use of this 
oil is especially effective in the control of weeds in the seedbed. 

As indicated in the introductory paragraph, celery is frequently 
blanched before it is sent to market. Blanching is accomplished by 
placing boards, paper, or soil around the plants from 10 days to 
5 weeks before it is time to market the celery. During warm 
weather the shorter periods are effective. During the cool temper¬ 
atures which prevail in the fall, 4 or 5 weeks may be required to 
properly blanch celery. The self-blanching varieties are more 
easily blanched than the green types. The present tendency is to 
market the Pascal type of celery without blanching and it is hoped 
that this practice will continue and that eventually all blanched 

celery will disappear from the market. 

In all blanching operations it is important to make sure the 

lower leaves are straightened before blanching is started. When 
soil is utilized, a small amount of soil is thrown up at the base of 
the plant to straighten the outside leaves. When boards or papers 





Fig I3S. Blanching celery with paper. 


are used they are laid along the side of the row in an upright 
position by first placing the edge tvhich will be uppermost next 
to the base of the plant. In placing the blanching material in an 
upright position the lower leaves are thus straightened. Ethylene 
gas has been used for blanching celery. However, this gas is most 
effective at a temperature of between 50° and 80° F. and because 
celery is a cool-season crop, such high temperatures are not recom¬ 
mended. Thus the use of ethylene for blanching has never come 
into widespread use. 

Varieties. Giant Pascal and related strains, such as Utah Pascal 
and Winter Queen are the most popular \arieties of celerv. They 
all produce dark green foliage and are rather difficult to blanch. 
\Vhen blanched, the product is extremely tender, but the flavor is 
excellent even without blanching. The Golden Self-Blanching 

is the most important of the self-blanching sorts. White Plume is 
similar to Golden Self-Blanching. 

Celeriac is a turnip-rooted celery which is produced for a large 
underground grotvth used for soups and salads. Large Smooth 

Prague is the most important variety, and the culture of celeriac is 
almost identical with celery culture. 

Diseases. Yellows is caused by Fxisarhim apii. As with most 
fusana, it causes a discoloration of the fibrovascular tissue. The 
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control is crop rotation and the use of resistant varieties. Na¬ 
tional Golden and Florida Golden are two of the most resistant 
varieties. 

Late Blight is caused by Septoria apii. This causes small brown 
spots on the leaves which in severe attacks will finally coalesce and 
kill the entire leaf. Inside of the well-developed spots small, black 
fruiting bodies appear which bear the spores. These spores are 
easily spread by water which splashes from leaf to leaf during rain 
or irrigation. Watering should be done by day so that the foliage 
is dry by night and the plants should never be handled while they 
are wet. Crop rotations also help and it is thought that heavy 
mulches which completely cover the soil help in preventing the 
dissemination of the soil and spores to the plants. Seed treatment 
with formaldehyde or corrosive sublimate is recommended. While 
the plants are growing in the field, a 4-4-50 Bordeaux or 20-80 
copper-lime dust applied at weekly intervals is usually effective in 
keeping the disease under control. 

Early Blight, caused by Cercospora apii, is a cold weather disease 
which causes circular yellowish-brown spots. The control is the 
same as for Late Blight. 

Bacterial Blight {Bacterium apii) produces spots similar to those 
of Late Blight but does not contain the black pycnidia. The con¬ 
trol is the same as for Late Blight. 

Phoma Root Rot, caused by^ Phorna apiicola, and rhizoctonia 

frequently attack the roots of the plants and produce a stunted 
growth. Both diseases thrive with cool temperatures. Seedlings 
grown in sterilized soil are free from the disease. Proper rotations 

help control the disease in the field. 

Sclerotinia libertiana may also attack the roots and the stems of 
the plant at the surface of the ground and cause damping-off. 
Pythium debaryanum in the seedbed and all of these damping-off 
diseases can be controlled by soil sterilization in the seedbed. 

Blackheart is thought to be caused by excessive moisture and by 
high concentrations of soluble salt. It occurs frequently in Florida 
where subirrigation is practiced and where soluble salts may be 
brought to the surface especially during dry seasons. 

Occasionally celery is attacked by a virus disease. However, it 

has never caused a great deal of damage. 

The enlargement of the roots is caused by nematodes {Hetero- 

dera radicicola). It is a warm-season pest and can be controlled by 
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crop rotations which include grass crops such as corn, wheat, and 
oats which are immune. Velvet beans are also immune. The pests 

can be freed from seedbeds by soil sterilization. 

Cracked stem is caused by a deficiency of boron and it frequently 
occurs on muck and sandy soils. The remedy is to apply boron at 
the rate of 10 to 15 pounds of commercial borax per acre. (See 

chapter 5.) . . 

Insects. Tarnished plant bug (Lygus pratensis) is a sucking insect 

that feeds on a large number of plants but prefers celery to many 
other vegetables. It sucks the juice from the plants and the black¬ 
ened tissue results from the punctures made during feeding. This 
is caused by a poison which is injected into the tissue. The adult 
is the brownish mottled bug with reddish-yellow and yellowish- 
brown spots about one-fourth inch long. It hibernates over win¬ 
ter in the adult stage. Pyrethrum sprays and dusts are partially 
effective. However, since pyrethrum is a contact insecticide, bugs 
migrate in from unsprayed areas almost as soon as the applica¬ 
tion has been made. DDT is more effective than pyrethrum. At 
the present time it is not known how many applications of DDT 
can be made without the possibility of leaving a toxic residue. 

The spittle bug {Lepyronia quadrangularis) also sucks the sap 
from plants and produces the froth or spittle. Attacks are usually 
spotted but in some seasons this insect causes a great deal of dam¬ 
age. It can be controlled by the use of 1 per cent rotenone dust. 
This is more potent than the ordinary dust and it is necessary to 
make it up in order to be sure that it is strong enough to kill this 
insect because the ordinary rotenone dusts do not contain more 
than .75 per cent rotenone. 

Aphids frequently attack celery and can be controlled with nico¬ 
tine sulphate sprays or dusts. 

Slugs are large, slimy, mucous-covered, snail-like creatures from 
2 to 5 inches long which bear hornlike appendages. They feed at 
night and can be controlled with poison bran mash. Clean culture 
is also recommended. 

Harvesting. Celery is usually harvested as soon as it is thor¬ 
oughly blanched, if blanched celery is desired, or when it at¬ 
tains the proper size, if the green celery is grown. Occasionally, 
when the price is high, the celery is harvested when it is from one- 
half to three-fourths grown. Usually the plant is lifted by a har¬ 
vester which consists of a sharp knife used to cut the roots off 




Fig. 134. Cutting and trimming celery prior to storing a late crop on the 
Norman Beebe farm in Niles, Michigan. 



Fig. 1,3,'). Cutting celery in Sanford, Florida. 


about one inch below the crown. If large acreages are to be har¬ 
vested, horse- or motor-drawn implements are employed. On large 
at reages ah especially equipped hand cultivator (push knife) may 

be used prolitablv. 

If celery is packed rough in the field, the older leaves are stripped 
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off and the roots are trimmed in the field. In most instances the 
effective harvesting of celery involves expert supervision and the 
elimination of unnecessary movements. The recent study made by 
Max E. Brunk indicates that the hand knife method of cutting 
and stripping involves less labor than other methods. The efficiency 
of this method is due to the fact that several operations are per¬ 
formed while the stalk is being held. The root is cut with one 
slice of the knife and the stalk is stripped while the knife is 
palmed. The hand holding the stalk never changes the position 
of the grasp until the stalk is placed in the pile row. It is essential, 
however, to form a pile row for ease of collecting it in field crates. 
It is also essential to be careful to avoid bending the stalk as the 
worker grasps it. Such bending results in the cracking of the ribs 
and subsequent browning in transit. One of the serious objections 
to the push knife is that many stalks are shattered by cutting the 
plants above the crown. In removing the old leaves (stripping), 
the leaves should be removed by hand without the use of a knife 
because the knife will invariably cut deeper than desired and these 
cuts serve as entrance places for spoilage organisms. 

In order to insure the greatest efficiency, workers are frequently 
given a number of rows of definite length. Such an area is indi¬ 
cated as a “down.” By the use of these restrictive areas, it is easy to 
check up on the efficiency of workers. Only one worker should be 
assigned to each down to prevent unnecessary visiting and loafing. 
The present tendency is to cut the roots off squarely with one cut, 
in order to eliminate any unnecessary motions. The celery is 
usually collected from the downs by pickers who place it in field 
crates with open tops and sides. If a temporary strap or board is 
placed on the upper side it is possible to cut the tops oflF more 
easily with a machete or a saw. The saw makes a neater cut than 
the machete. Moreover., the machete is likely to injure the field 
boxes whenever the stroke is a little inaccurate. After the celery 
has been placed in the field crates the crates should be lined up so 
they can be loaded easily. A hook is useful in dragging the crates 
into line. In loading the three-sided boxes, care should be taken to 
avoid telescoping. The best method of preventing telescoping is 
to pack the boxes closely together. Telescoping not only injures 
the boxes,but causes considerable damage to the celery. Another 
precaution to prevent swaying of the boxes is to tie them securely 
in the truck, especially if stake bodies are used. Another costly 
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Fig. 136. Celery packing on the Earnesi Moore farm, near Boston, Mass. 


practice is the throwing of the crates from the truck to the ground. 
Careless operators can cause a great deal of damage in this Avay. 
It is possible that the use of better boxes Avould avoid some of this 
damage. 

If celery is properly stripped in the field it can be dumped on the 
wash house belt rather than being placed on the belt stalk by 
stalk. Elaborate equipment is available for washing celery in the 
principal packing areas. After washing, the celery is usually 
packed in the crate and immersed in cold water (33° F.) for about 
30 minutes. From the precooler it passes directly to the car where 
it is usually top-iced for long-distance shipments. The loss in 
weight from the transportation can be decreased by wrapping the 
celery in parchmentized paper. If paper is used, however, it is 
essential to keep the celery at or near 32° F. in order to prevent 

the development of spoilage. 

Storage. Celery can be stored for several months in cold storage 
at approximately 32° F. For small operations one of the best meth¬ 
ods is to lift the celery with about 2 inches of roots attached and 






Fig. 137. Washed, parchment paper-wrapped, and precooled celery. 


transplant it to trenches in the field. Insofar as possible this opera¬ 
tion should be accomplished without injuring the plant. The 
roots should be placed in contact with moist soil but the tops 
should be kept dry. The temperature should be as near 32° F. as 
possible. This means that the celery should not be placed in the 
trench until danger of frost makes it impossible to leave it in the 
field any longer. Celery is not damaged by slight frost but is 
rendered pithy. Heavy frosts are detrimental to the celery crop. 
The trenches are usually about 12 inches deep, 12 inches wide, and 
as long as necessary to accommodate the celery. Usually from 5 to 
10 rows are placed in one trench. The tops are kept dry by placing 
inverted V-shaped troughs over the celery. If the temperature 
drops, added protection, such as straw, manure, or soil is provided. 
This has been described in the chapter on storage. 

Special storage houses and storage pits can be used in a similar 
manner. However, it is essential to place the celery in beds about 
20 inches wide and to separate each bed from the other beds a 
distance of 3 inches in order to provide ventilation. If this pre¬ 
caution is not exercised celery rot is almost sure to cause consider¬ 
able damage. 

Quality. As already indicated, green celery is more popular than 
blanched celery. Most of the Pascal selections are comparatively 
crisp and tender e\'en though they have not been blanched. Self¬ 
blanching varieties on the other hand are usually poor in quality 
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due to the excessive development of collenchyma tissue. Celery 
which becomes withered in storage loses its crisp texture and 
suffers a corresponding decrease in value. 

Endive. Endive (Cichorium Endivia) is probably a native of In¬ 
dia. It, in common with the Compositae, contains latex. The leaves 
of most varieties are very bitter unless blanched. 

Culture. It is a cool-season crop and the cultural practices are 
approximately the same as for lettuce. The seedlings may be 
started early and transplanted or the seed can be sown direct in 
the field (2 to 4 pounds per acre). If the summers remain cool it 
can be grown throughout the summer. If the summers are hot it 
is usually grown as a fall crop, although a late spring or a summer 
crop can be grown if the plants are started under glass. The rows 
are usually about 15 inches apart with the plants from 6 to 12 
inches apart in the row. 

If the leaves are to be used as a salad it is necessary to blanch 
them. This is accomplished by gathering the leaves up loosely 
and tying them near the top. By using different colored strings 
or different colored rubber bands it is possible to predict the 
harvest dates more accurately. Blanching usually requires from 
tAvo to three weeks during ordinary weather and somewhat longer 
during cool weather or fall. Leaves should be harvested as soon 
as they are blanched in order to prevent decay. 

Varieties. There are two general types of endive, the curled and 
the broad-leaved varieties. The most popular curled varieties 
are Green Curled, White Curled, and Giant Fringed. The most 
important variety of the broad-leaved type, often called escarole, 
is Batavian Broad-Leaved. Batavian Full Heart is another popular 

variety. 

Diseases and insects. There are few insects and diseases that 
attack endive and chicory, its close relative. However, bacterial 
soft rot {Erwinia carotovora) sometimes gains entrance especially 
when the leaves are tied too tightly or when they are not harvested 

promptly. 

Chicory. Chicory {Cichorium intybus), also known as French 
endive, Witloof, Witloof chicory, and succory, is presumed to be 
a native of Europe and Asia. The leaves can be used as a salad or 
it may be used as a potherb. In Europe, one variety of chicory 

is used extensively as an adulterant for coffee. 

Culture. The plant goes to seed if planted too early in the 

spring in spite of the fact that it is a cool-season crop and can be 
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hardened to withstand considerable frost. Seed should, therefore, 
be sown (2 to 4 pounds per acre) at about the same time warm- 
season seed is sown. The rows should be from 15 to 18 inches apart 
and the plants should be thinned to 4 or 6 inches apart in the row. 
Upon the arrival of freezing weather the roots should be dug and 
stored in a place as near 32° F. as possible until they are desired 

for forcing. 

At this time the roots which have been graded for size and have 
had the leafy portion removed should be placed upright in 
trenches filled with fine soil, sand, or sawdust so that the crown is 
covered to a depth of about 6 inches. If the soil surrounding the 
roots is moistened and that above the roots is rather dry the plant 
will start to grow at a temperature of from 50° to 60° F. and form 
a white compact head 4 or 5 inches long and weighing 2 or 3 
ounces in from 3 to 4 weeks. As soon as the heads appear at the sur¬ 
face of the covering they should be harvested and marketed. 

The chicory can also be forced in place in the field by covering 
the top so as to exclude light. This can be accomplished by throw¬ 
ing up a ridge of soil or sawdust or by building a frame over 
the plants. 

Chicory is grown rather extensively in Belgium and is shipped 
to America in crates holding approximately 20 pounds. 

Parsley. Parsley (Petroselinum hortense) is a native of Europe 
and is used more for decorative purposes than as a salad although 
it is commonly used for flavoring. It is very high in vitamin C and 
carotene. 

Culture. Parsley seed is very small and germinates slowly so it is 
common practice to sow the seed in specially prepared soil in the 
greenhouse or hot bed and after the seedlings have been trans¬ 
planted once they are ready to be set in the field. If sterilized soil 
is used less trouble will be experienced with damping-off. The 
plants are usually set from 4 to 8 inches apart in rows which are 
approximately 15 inches apart. The plant is grown in greenhouses 
on a limited scale. 

Varieties. There are two distinct forms of foliage, the plain leaf 
and the curled leaf. The curled is the most popular for garnishing 
purposes and the best known varieties are Moss Curled, Double 
Curled, and Fern-Leaved. The most popular plain-leaved varie¬ 
ties are simply called plain or single. There is also a turnip-rooted 
parsley of which Hamburg is the most popular. 

Harvesting. One of the best ways to market parsley is to place the 
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plants in small pots or similar containers and sell them as potted 
plants. When grown in the field, the leaves are kept trimmed and 
are tied into small bunches which are packed in baskets, hampers, 
or barrels with crushed ice in order to keep the leaves moist and 
cool. 

Insects and diseases. The same insects that attack parsnips and 
carrots also occasionally attack parsley. The parsnip leaf miner 
and the parsnip web worm, however, periodically attack parsley. 
There is no effective control for the leaf miner but the web worms 
can be controlled by timely applications of arsenicals. The black 
swallow tail which also occasionally attacks parsley can be con¬ 
trolled with arsenicals. Rotenone should be substituted at least 
three weeks prior to harvest as no trace of arsenicals should he 
permitted on the product if it is harvested for table consumption. 

Cress. Garden cress (Lepidium sativum) is an annual and a 
native of Europe which goes to seed very quickly in the spring. 
Seed is usually sown in the open so that the rows are from 12 to 15 
inches apart and the plants are thinned as they are needed. If 
grown as a fall crop, it does not go to seed and it makes a much 
more satisfactory growth. Water cress (Roripa nasturtium-aquati- 
cum) is a perennial plant which may be propogated by seed or by 
pieces of the stem. It grows in moist soil or along the banks of 
streams. If grown in streams, it is essential that the water be pure, 
othenvise there is danger of injurious organisms remaining on the 
foliage until it reaches the ultimate consumer. 

Com salad. Corn salad, frequently called Fetticus and lamb’s 
lettuce (Valerianella olitoria), is a pungent cool-season crop which 
goes to seed very quickly during long days. It is, therefore, grown 
more successfully as a fall crop. The seed is usually sown in rows 
from 12 to 18 inches apart and is thinned as needed. 

Chervil. Chervil {Anthriscus Cerefolium) is a parsley-like plant 
grown frequently in Europe but is seldom prown in this country. 
The culture is the same as for parsley but it will not tolerate hot 

weather as well as parsley. 


REVIEW QUESTIONS 

1. What light intensity is sufficient to mature lettuce plants? 

2. Describe the culture of head lettuce grown under irrigation. 

3. How much seed is planted per acre? 



SALAD CROPS 


389 


4. Discuss the importance of oxygen and temperature for the ger¬ 
mination of lettuce seed. 

5. Are large seeds better than small seeds? 

6. How can you tell when lettuce needs water? 

7. Discuss the icing and packing of lettuce for shipment. 

8. How many crates are packed in a car? 

9. What are the important varieties of lettuce? 

10. Into what three groups is lettuce divided by Tracy? 

11. Give control measures for lettuce soft rot, mildew, drop, tip burn, 
and mosaic. 

12. Describe the culture of salsify, endive, and artichoke. 
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chapter 25 


Greens 


Greens, also known as potherbs, are grown primarily for their 
foliage, and are especially rich in vitamin C and pro-vitamin A 
(carotene). The greener and thinner the leaves the higher the con¬ 
tent of carotene. Greens are eaten either cooked or uncooked, al¬ 
though the former is the custom in most localities. The most com¬ 
monly known greens are spinach. New Zealand spinach, chard, 
orach, kale, mustard, collards, dandelions, and tampala. Many leafy 
vegetables, in addition to those just named, may be used as greens. 
This list includes turnips, beets, and the so-called weeds such as 
dock, lamb’s-quarters, wild cress, pokeweed, and even milkweed. 
Some forms of dock are cultivated and because of their character¬ 
istic acid flavor add a tang to greens and salads which is acceptable 
to many people. 

Spinach. Spinach {Spinacia oleracea) is the most important of all 
of the cultivated greens. Spinach is a native of Persia and develops 
best under cool temperatures and relatively short days. If the day¬ 
light period is 13 hours in length or longer, most varieties produce 
seedstalks without making a marketable vegetative growth. For 
this reason spinach is known as a long-day plant. 

Culture. The seed is usually sown with seed drills at the rate 
of 8 to 20 pounds per acre depending upon the planting distances 
and viability of the seed. Ordinarily, the germination is rather 
poor unless the seed is treated to prevent the development of 
damping-off diseases. Treatment with fresh red copper oxide or 
Spergon is recommended. In the north central states spinach is 
grown both as a spring and as a fall crop. In the northern tier of 
states some spinach is grown as a summer crop, although care must 
be used in selecting varieties such as Juliana and Giant Noble 
which do not go to seed easily. In the south spinach is grown as a 
winter crop and in Virginia it is grown as a fall, winter, and 
spring crop. Some of the fall crop is planted especially late and 
overwintered. During mild weather it can be cut during the winter 
but the bulk of the crop is allowed to stand and is harvested in the 
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TABLE 44 


Spinach For Fresh Market: Acreage, Production, and Yield per 

Acre of Leading States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 
average 
1934- 
1943 

1945 

Texas. 

39,340 

36,000 

5,323,000 

5,220,000 

136 

145 

California. 

1 

2,600 

4,000 

1 

1,682,000 

2,420,000 

658 

605 

New York. 

2,400 

1 

2,450 

1,093,000 

1,200,000 

455 

490 

Washington. 

1,100 

1,660 

481,000 

891,000 

437 

537 

Pennsylvania .... 

3,670 

4,600 

1,075,000 

1,557,000 

293 

338 

United States.. . . 

68,440 

65,720 

14,428,000 

15,205,000 

211 

231 


Spinach for Processing: Acreage, Production, and Yield per Acre 

OF Leading States and of Total U. S. 


State 

Acreage harvested 

Production (tons) 

Yield per acre 
(tons) 

10-ycar 
average 
1934-1943 

1945 

10-year 

average 

1934-1943 

! 1945 

1 

1 

1 

10-year 

average 

1934- 

1943 

1945 

California. 

11,500 

10,220 

34,800 

48,400 

3.0 

4.7 

Arkansas. 

2,900 

9,000 

5,600 

15,300 

2.0 

1.7 

Oklahoma. 

5,600 

9,000 

9,800 

12,600 

1.8 

1.4 

Texas. 

5,740 

5,500 

8,000 

8,300 

1.4 

1.5 

Maryland. 

1,400 

1,540 

3,300 

3,700 

2.1 

2.4 

Virginia. 

2,200 

700 

6,000 

1,500 

in 

2.2 

United States. 

25,600 

35,960 

60,400 

89,300 

2.42 

2.48 


spring. If the land is free of weeds the crop is sometimes broadcast 
but most grotvers prefer to drill it in rows commonly spaced from 
7 to 24 inches apart. If the crop is to be overwintered it is fre¬ 
quently planted on lands divided by the dead furrows which pro¬ 
vide added drainage. 

Spinach is usually not thinned. Growers, however, are careful to 
test the seed and to plant just enough to produce a stand which 

does not need thinning. 
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Fig. 138. Spinach growing near Boston, Mass. 

Cultivation. The crop is given shallow', clean cultivation. If 
multiple-row seeders have been used it is possible to use multiple- 
row cultivators. 

Fertilizers. Spinach responds better to nitrogen fertilization 
than any other vegetable. Approximately 20 parts per million of 
nitrate nitrogen should be available in the soil at all times for max¬ 
imum growth of succulent leaves. Since dark-colored soils are usu¬ 
ally rich in nitrogen, these soils, especially muck, are employed 
extensively for the growth of spinach. However, even such soils 
need regular applications of nitrogen in order to produce good 
crops of spinach during cold weather or during tvet weather when 
the supply of nitrogen has been leached atvay. If the crop is 
planted during seasons of the year when rainfall is adequate, the 
nitrogen can be added in the form of nitrate of soda, sulphate of 
ammonia, or ammonium nitrate. If irrigation is available, the 
nitrogen can be washed down immediately by application of ap¬ 
proximately 1 inch of water. If spinach is planted on soil where 
mngation is not available and where rainfall is not dependable. 
It is often advisable to place a complete fertilizer analyzing high in 
nitrogen in bands along side of the rows. In this way the plant is 
insured a supply of nitrogen as root development progresses. One 
thousand pounds per acre of a 5-10-10 or even an 8-8-8 may be ap- 
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plied where surface applications of nitrogen are not dependable. 
The spinach plant produces a shallow rooting system and it is prob¬ 
ably more important to have an adequate supply of fertilizer in the 
upper 5 or 6 inches of soil for spinach than it is for any other vege¬ 
table. 

Spinach thrives best on a relatively sweet soil, or with a pH value 
of approximately 6.5. Soils with a pH value of less than 6.0 usually 
do not produce a good crop. On the other hand, if the soil is alka¬ 
line the crop is likely to suffer from lack of iron or manganese. 

Varieties. Spinach has been classified by Kinney into four 
groups; Norfolk or Bloomsdale, round leaf, thick leaf, and prickly 
seeded. One of the most important varieties is King of Denmark 
which is a long, standing plant with long, slightly crumpled, green 
leaves. It is used extensively for canning. Viroflay is a thick, 
smooth-leaf type of spinach which is also used for canning. Long, 
standing Bloomsdale and similar sorts are very compact plants 
with highly crumpled, blistered, dark green leaves. This variety 
is grown extensively by most gardeners. Old Dominion is a mosaic- 
resistant variety which resembles Bloomsdale Savoy. It should be 
planted whenever mosaic is likely to cause much damage. Giant 
Noble is a vigorous-spreading light green-colored spinach which 

is used both by market gardeners and for canning. 

Harvesting. The spinach is usually harvested by cutting the tap¬ 
root about one-fourth of an inch below the croum of the plant. 
This may be done by a special knife, cutter, or by garden culti¬ 
vators equipped with sweeps which are adjusted to cut plants 
in the row rather than to kill the weeds at the sides of the row. 
Sharp hand knives are also used extensively. If plants are cut 
when they are slightly wilted they can be trimmed and packed 
in baskets with less breaking of the crisp leaves. This breaking of 
the leaves is undesirable because the fungus diseases frequently 
start to grow in the injured portions. Most of the crop is marketed 

in bushel containers. . 

In harvesting spinach for canning, the taproot is not wanted and 

special spinach harvesters have been developed recently which 
automatically cut the spinach above the crown and elevate it into 
wagons or trucks where it is taken directly to the canning plant. 

Spinach that is sent to the fresh market is usiwlly placed 
bushel baskets or in hampers. If it is properly refrigerated with 



GREENS 


395 


ice packed in the center and on the top of the package little rotting 
results as long as the ice keeps the spinach cold. However, warm 
spinach which is not properly iced is very susceptible to rot. 

Insects and diseases. Spinach blight or yellows (also called mo¬ 
saic) is caused by a virus which is spread from plant to plant by 
aphids. As already indicated, the disease may be controlled by the 
use of the variety Old Dominion which is a resistant variety. The 
Virginia Savoy is also resistant to the disease but it goes to seed 
rather quickly and it is not planted extensively. Both varieties were 
originated by the Virginia Truck Experiment Station. 

Downy mildew {Peronospora effusa) produces pale yellow spots 
and may result in a great reduction in yield during wet seasons 
when the relative humidity is high. Crop rotations and the elimi¬ 
nation of related wild weeds is the only practical control. 

Aphids (Myzus persicae), which are yellowish-green plant lice, 
often cause serious injury. They can be controlled by nicotine 
sprays or dusts applied when the plants are dry and when the 
temperature is above 70° F. 

The beet leaf miner (Pegomyia vicina) feeds on the tissue 
between the upper and the lower epidermis and renders the 
leaves unmarketable. The only control consists of destruction of 
wild weeds around the fields which harbor the insect. Lamb’s 
quarters is especially objectionable. Crop residue should be 
plowed under in order to smother all insects which may be left 
in the unmarketable portions. 

New Zealand spinach. New Zealand spinach {Tetragonia ex¬ 
panse) belongs to a different family and is not closely related to 
spinach. Moreover, it is a warm rather than a cool-season crop and 
cannot be hardened to withstand freezes. Since the seed germinates 
rather poorly, growers commonly make a practice of planting the 
seed in sterilized soil in the hotbed or in the greenhouse and then 
transplanting the plants to the open as soon as the danger of frost 
is past. The plants are usually placed from 12 to 24 inches apart 
in rows 3 or 4 feet apart. The plants are given shallow cultivation 
as long as cultivation is feasible. Only the young, tender leaves are 
harvested. By using a very sharp knife and just the right pressure 
it is possible to cut off the young leaves and still not sever the 
tougher stems which are not marketable. Harvesting really consists 
of trimming off the young side shoots which grow from near the 
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severed tips. Some growers in the eastern states train New Zealand 
spinach to trellises. The New Zealand spinach is relatively free 
from insect and disease pests. 

Chard. Chard {Beta vulgaris cicla) resembles beets but does not 
produce enlarged roots or hypocotyls. It is a crop which can be 
hardened to withstand rather cool temperatures but is not as hardy 
as some of the other cool-season vegetables. Like New Zealand 
spinach it makes an excellent growth during hot weather and is 
one of the main sources of greens when ordinary spinach cannot 
be grown. 

Culture and fertilizers. The fertilization is essentially the same 
as for spinach because this plant also requires a large amount 
of nitrogen in order to make succulent vegetative growth. The 
seed resembles beet seed and is, therefore, planted with se6d drills 
so that the rows are from 18 to 36 inches apart depending upon 
whether hand or horse cultivation is to be used. The plants are 
usually thinned so that they stand from 8 to 12 inches apart in the 
ro^vs. From 3 to 4 pounds of seed are required per acre. 

Varieties. Lucullus has greenish-white crumpled leaves and is 
the most important of the varieties. Recently, dark green varieties 
such as Fordhook Giant have appeared. Rhubarb chard has also 
appeared on the market. Its chief value is for ornamental purposes. 

Harvesting and storage. For the home garden the common prac¬ 
tice is to trim off the outer leaves an inch or two from the ground 
while they are still tender. When the plant produces additional 
leaves they in turn are harvested and in this way several crops can 
be harvested from the same plant throughout the summer. The 
leaves can be bunched or sent to the market loose. Many com¬ 
mercial gardeners, however, prefer to cut the whole plant at once, 
in order to make the harvest before the older petioles become 

woody. 

Insects and diseases. The insect and disease pests which attack 

chard are the same as those which attack beets. 

Kale. Kale {Brassica oleracea var. acephala) is grown through¬ 
out the United States but is more popular in the southern states, 
especially in Virginia. It is unusually hardy and can be wintered 
over in most of the southern states. Fertilization as recommended 
for spinach usually produces an excellent crop of kale. 

Cultural practices. The seed is very small and great care should 
be exercised in planting the crop so as not to get it too thick. Seed 
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Fig. 139. Kale packed for shipment to a near-by market. 


drills are commonly used and the plants are thinned so that they 
stand 6 inches apart in rows which are from 18 to 30 inches apart. 
Shallow cultivation is given throughout the season. One or 2 
pounds of seed is ample to plant an acre. 

Insects and diseases. The same insect and disease pests attack 
kale as attack cabbage. 

Varieties. The Scotch kales are more decorative because the 
leaves are finely curled rvith a blue-green color. The Siberian 
kale is less crinkled. The tall and dwarf sorts are available. 

Harvesting. The tender, succulent leaves of kale are usually cut 
with a knife and packed in barrels or bushel baskets for shipment. 
(See Figure 139.) During warm weather ice should be placed at 
the center and on the top of the basket. If the plant is subjected to 
freezing temperatures before harvesting the quality is usually 
superior. Otherwise, kale may become very tough. 



398 


VEGETABLE SCIENCE 


Mustard. White mustard {Brassica juncea and B. alba) is usually 
grown for greens or as a salad crop. However, it goes to seed very 
quickly Avith long days and therefore is usually grown as a fall or 
winter crop. The seed is sown (1 or 2 pounds per acre) in rows from 
12 to 18 inches apart and is thinned to stand about 6 inches apart in 
the row. The same fertilizer practices as recommended for spinach 
usually are effective for producing good crops of mustard. Popular 
varieties are Giant Curled and Ostrich Plume (Fordhook Fancy). 
The crop is harvested and is sent to market much the same as kale. 


Black mustard {Brassica nigra) is grown largely for its seed which 
is made into the mustard commonly used for seasoning. Approxi¬ 
mately 10,000,000 pounds of seed are imported each year for this 
purpose. Culture of black mustard is approximately the same as 
that of white mustard. 


Collards. Collards (Brassica oleracea var. acephala) resemble 
kale in the growing appearance but the plants grow to a much 
larger size. They are frequently known as cabbage which does not 
head. Like kale it will stand extremely cold Aveather if properly 
hardened. It stands summer heat better than kale. The seed is 
usually soAvn (1 or 2 pounds per acre) Avith seed drills, and the 
plants are thinned so that they stand from 12 to 24 inches apart 
in roAvs from 1 to 3 feet apart. If the plant is harvested before 
freezing Aveather it is very important to make sure that only succu¬ 
lent, brittle leaves are used because the plant can become very 
tough and unpalatable if it is groAvn under adverse conditions. 

Dandelion. Dandelion (Taraxacum officinale) is cultivated 
rather extensively in the eastern tier of states making use of hot¬ 
beds and cold frames. The crop is also frequently started on the in¬ 
side and planted in the open so that the plants stand about 12 
inches apart in roAvs Avhich are from 15 to 24 inches apart. .The 
leaves can be tied up and blanched or used in the green stage as 
are Avild dandelions. 

Orach. Orach (A triplex hortensis) is seldom grown in this 
country. The seed is planted in the open in the early spring and 
is thinned so that the plants stand from 8 to 12 inches apart in 
roAvs Avhich are from 18 to 24 inches apart. The plants produce 
seedstalks very quickly during hot Aveather and succession plant¬ 
ings should be made in order to insure a constant supply. 

Tampala. Tampala (Amarantus gangeticus) is a new vegetable 
which is propagated by seeds Avhich are soAvn directly in the open. 
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Fig. 140. Collards in a home garden. 


The plants are thinned so that they stand 5 or 6 inches high in 
order to make sure that they are tender. Tampala is a substitute for 
spinach and since it can be grown in the summer it affords another 
supply of greens. There are both red and green varieties. 


REVIEW QUESTIONS 

1. Into what four groups does Kinney classify spinach? 

2. What is the most important potherb grown in the United States? 

3. Why is it advisable to apply fertilizers during the growth of the 
spinach crop? 

4. How is spinach harvested and prepared for market? 

5. How is spinach mosaic controlled? 

6. Describe New Zealand spinach, chard, kale, mustard, collards, and 
dandelions and tell how they are propagated. 

7. Why is spinach considered a long-day plant? 
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chapter 26 


Root Crops 



Root crops include beets, carrots, radishes, turnips, rutabagas, 
parsnips, and salsify. Cultural practices utilized in the growing 
of all root crops are similar. All are propagated from seed sown 
directly in the field. Occasionally, beet seed is sown in hot beds 
or in cold frames and the seedlings are transplanted to the field 
to get an early crop. For the most part, however, the seed is sown 
directly in the field. All of the root crops listed, with the excep¬ 
tion of turnips and radishes, withstand hot weather and hence 
can be sown early in the season. Some, as for example beets and 
carrots, can be planted several times during the growing season. 
Parsnips and salsify can be wintered over although they are usu¬ 
ally dug in the fall and are stored so they can be marketed through¬ 
out the winter. Parsnips are grown extensively in moderate cli¬ 
mates where they can be dug from the field through the winter. 
Practically all of the root crops grown from seed planted in the 
field need thinning for perfect root development. This is espe¬ 
cially true of beets, carrots, parsnips, and salsify. Muck soils are 
employed extensively in the growing of root crops since they pro¬ 
vide loose soil which is favorable for enlarged underground parts. 
Because the crops are to be pulled and bunched with the tops, 
it is much easier to pull the roots from organic and sandy types 
of soil than from heavier clay soils. Washing roots grown in muck 
soils is also much easier than washing roots grown in clay and silt- 
loam soils. 

Beets. Beets {Beta vulgaris) belong to the Chenopodiaceae or 
goosefoot family and are a native of Europe. The thickened, un¬ 
derground portion is largely root tissue. The tops may be used for 
greens and actually contain a very large amount of carotene, 
whereas, the roots are almost totally devoid of carotene. 

Plant characteristics. The fleshy part of the beet is divided into 
three parts: the crown, the hypocotyl, and the root. Lateral roots 
develop from the taproot and reveal the junction between the 
hypocotyl and root. These lateral roots develop from the taproot 
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in a longitudinal plane on opposite sides, making two rows of sec¬ 
ondary roots which spread outward and downward. A cross section 
through the hypocotyl reveals a number of growth rings. These are 
caused by the formation of cambium, xylem, and phloem, while the 
darker and wider rings are the pericylic parenchyma which contain 
most of the anthocyanin pigment which gives the red color to beets.* 
The leaves arise in whorls from the crown with the older leaves on 
the outside. With certain varieties and under cool temperatures, 
the petioles and the leaves will show considerable red pigment 
(anthocyanin). Beets are normally biennial and when seed is 


TABLE 45 

Beets for Shipment: Acreage, Production, and Yield per Acre of 

Leading States and of Total U. S. 


State 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-ycar 

average 

1934-1943 

1945 

1 0-year 
average 
1934- 
1943 

1945 

New Jersey. 

1,767 

1,400 

462,000 

308,000 

261 

220 

Pennsylvania. 

865 

1,100 

350,000 

385,000 

409 

350 

Texas. 

6,880 

7,800 

919,000 

1,209,000 

134 

155 

United States. 

11,790 

11,500 

2,151,000 

2,136,000 

182 

186 


grown, the mother beets or stecklings are dug in the fall, are stored 
over winter, and are planted out the following spring. The flower 
spikes arise from the crown and within from 6 to 8 weeks may 
attain a height of 3 or 4 feet. The flowers are sessile and may occur 
singly or in clusters of two or three. Within an individual flower 
the stamens usually dehisce before the stigma is receptive, but 
with the many flowers present on a given plant, sufficient pollen 
is present from other flowers and pollination is chiefly done by the 
wind. Where the flowers are in clusters, the fruits are usually 
adnate and the seed ball may contain 2 or 3 seeds. Where the 
flowers are single the seed ball contains only 1 seed. By carefully 
removing the fruit parts, the small seed may be seen. Ordinarily, 
the entire fruit is planted and the crowded seedlings are thinned. 

Cultural practices. As mentioned in an earlier paragraph, beets 
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are usually propagated from seed planted directly in the field. For 
canning purposes where a large number of small roots are de¬ 
sired, the seed is usually sown at the rate of 8 to 10 pounds per acre. 
For market gardening purposes, where slightly larger beets are 
desired for bunching purposes, the seed is usually sown at the rate 
of 4 to 6 pounds per acre. The rows are spaced from 12 to 18 inches 
apart. Since the seed balls are actually a fruit, they contain seeds. 
Several attempts have been made recently to separate the seed so 
that only one seed would be planted in one place. This partially 
eliminates the necessity of thinning. By enclosing these individual 
seeds in pellets which also contain a disinfectant it is possible to 
obtain a more uniform stand of beets and thus to eliminate a 
great deal of the costly thinning practices. If the seed is not pur¬ 
chased in the pellet form it should always be treated with Spergon, 
with Semesan, or with Arasan just prior to planting. Naked and 

sheared seed often germinates abnormally. 

Since the control of weeds is a very costly operation, it is advis¬ 
able to plant beets on soils which are comparatively free from 
weed seed. Shallow cultivation should be carried on as long as 
weeds continue to grow. 

Manures and fertilizers. As already indicated, beets make the 
best type of root growth on muck soils. However, they make satis¬ 
factory growth on practically all types of soils provided they con¬ 
tain sufficient fertilizing materials. If the soil is properly mois¬ 
tened, beets for bunching can be pulled from the heaviest types 
of soil without danger of breaking the tops. Root crops in general, 
and beets in particular, require considerable potash. This is es¬ 
pecially true if beets are grown on muck soils which generally 
supply insufficient amounts of potash. It is not uncommon to apply 
1000 pounds per acre of a 3-9-18 or similar fertilizer on muck. 
On silt-loam soils a 4-12-4 or a 5-10-10 at the same rate would be 
recommended. On sandy soils it would be necessary to use slightly 
more nitrogen, for example, a 5-10-10 or a 6-8-6. 

As indicated in the chapter on fertilizers, beets react readily to 
soil acidity. For best growth the pH value should be at least at 
the level of 6. However, if the value is above 7, boron starvation 
may result. On sweet soils it is often necessary to apply from 20 to 
40 pounds of borax per acre with commercial fertilizers. Boron 
starvation symptoms are easily recognized by dying tissue along 
the periphery of the beet root. This is often accompanied by crack- 
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ing the beets. On alkaline soils, manganese starvation occasion¬ 
ally manifests itself. This is also true on sandy soils. Magnesium 

starvation is common in sandy soils along the Atlantic coastal 
area. 

Transplanting. Some market gardeners desire a particularly 
early crop of beets. Although root crops are not adaptable to trans¬ 
planting, the round-rooted types are frequently transplanted in 
order to get this early crop. When transplanting is desirable the 
seed should be sown about a month before field seeding is possible 
The roots should be lifted and set in the field with as little injury 
as possible. The plants are usually set about 4 inches apart in rows 
which are from 12 to 18 inches apart. In this way a crop of bunch 
beets can be harvested about 2 weeks ahead of a crop that comes 
from seed sown in the field. 

Thinning. Unless pelleted or scarified seed are used, it is neces¬ 
sary to thin beets in order to get tvell-shaped roots, especially on silt 
and loam types of soil. Thinning should be done while the plants, 
are small in order not to disturb the adjacent plants. The practice 
of allowing the plants to grow large enough to use is of question¬ 
able value but can be followed by home gardeners. 

Effects of climate. The red color of beets is due to a pigment 
which seems to be associated with the carbohydrate reserve of the 
roots. During extremely hot weather this color develops poorly 
but during cold weather and in the presence of adequate sunlight 
the color becomes very intense. 

Beets are one of the crops which go to seed when grown at low 
temperature, that is, a temperature of from 40° to 50° F, This is 
especially true if they are subjected to this temperature when the 

plants are small. 

Varieties. Detroit Dark Red and Ohio Canner are both globular¬ 
shaped varieties that develop a very dark red color almost free 

from zoning when the temperatures are cool. 

Crosby’s Egyptian and Flat Egyptian are both flattened varieties 

and as the name indicates, are much flatter than Detroit Dark Red 
or Ohio Canner. The color of the Egyptian beets does not compare 
favorably with either the Detroit Dark Red, the Ohio Canner, or 

the Early Wonder. 

Early Wonder is also a round type of beet which may perhaps be 
a little more flattened than Detroit Dark Red. Long Dark Blood is 
an elongated beet which is not grown extensively. 
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Fig. 141. Lejt: Crosby’s Egyptian. Right: Detroit Dark Red. 


Harvesting and storage. As shown before, beets for pulling and 
bunching are usually bunched and tied in the field when the roots 
are from 1 ^ to II /2 inches in diameter, putting 4 to 6 beets in a 
bunch. They are thoroughly washed before being sent to market. 
For long-distance shipment the beets are packed in ice or in crates 
or baskets with cracked ice between the layers. Beets for the can¬ 
nery are pulled and topped with special machinery in the field or 
with special devices in the factory. 

Beets wilt more easily than many other crops and should be 
stored where the relative humidity is from 92 to 95 per cent. They 
should be kept as cool as possible but should not be allowed to 
freeze. (See chapter 11, for details on building storage pits, etc.) 

Insects and diseases. The most destructive disease of beets is the 
leaf spot, caused by Cercospora heticola, which is an infection 
characterized by circular brown or green spots with gray borders. 
Crop rotations help in the control of this disease. If it becomes 
serious, it can be partially controlled by Bordeaux mixture 4-4-50 
or by fixed copper sprays or dusts. 

The beet leaf miner (Pegomyia vicina) is a white maggot 
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about one-third of an inch long which burrows between the upper 
and lower epidermis of the leaves, giving the leaves a blistered ap¬ 
pearance. Since the larvae live within the tissue, they cannot be 
controlled by poisons. The control consists largely of eliminating 
wild hosts such as lamb’s-quarters and the plowing under of rub¬ 
bish in which the larvae live over the winter. 

The cabbage looper frequently attacks beet foliage and may be 
controlled as indicated under the discussion on cabbage. (See 
chapter 20.) 

Occasionally, the foliage of beets is attacked by one of the species 
of web worms, and since these insects actually eat the foliage, ap¬ 
plication of arsenicals is a satisfactory control. 

Carrots. The carrot {Daucus carota) is a native of Europe, of 
Asia, and of Northern Africa. As indicated in Table 46, the carrot 
ranks high in importance as a domestic vegetable. Its popularity is 
due largely to the fact that it is a rich source of carotene. In addition 
to being eaten fresh it is also canned, and a considerable quantity 
is made into carrot juice. However, carrot juice is considered by 
many to be a medicine or a tonic rather than a food to be eaten 
with relish. 

Cultural practices. Carrots require from 60 to 90 days to mature. 
In most climates they can be planted in the spring as soon as 
the ground is conditioned. Planting can be continued until mid¬ 
season or until 78 or 80 days before the date of the first killing 
frosts. The seed is small and unless the grower is prepared to spend 
considerable time and money for thinning, great care should be 
exercised to prevent overseeding. The seed is usually sown at the 
rate of 1 or 2 pounds per acre depending upon the germination 
ability. Rows are spaced from 15 to 18 inches apart. The seed 
should also be treated with Spergon, with Semesan, with Arasan, 
or with red copper oxide before planting. Seed treatment usually 
results in a much better stand, especially if the seed is planted early 
in the season. Seed should not be planted any deeper than is nec¬ 
essary to reach moisture and still have the seed well covered. On 
heavier types of soil, it is often favorable to mix a small amount of 
rapid-germinating seed, such as radishes or cabbage with carrots 
in order to mark the rows for early cultivation. 

The carrot is cultivated exclusively for its underground portion 
which is primarily hypocotyl. Carrots are generally grown in loose 
soils such as muck or silt. When grown in a heavy type of soil it is 
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often impossible to pull the carrot without breaking off the top; 
moreover, they are difficult to wash because the clay and silt-loam 
soils adhere much more tenaciously than does muck or silt. 

plant characteristics. The edible portion of the carrot includes 
part of the crown, the hypocotyl, and part of the root. The root 
System consists of a long taproot with 4 rows of lateral roots, which 
are well branched and make a rather extensive growth. The junc¬ 
tion between the hypocotyl and the root is indicated by the ab¬ 
sence of lateral roots. A rosette of leaves develops from the crown 
during the first year’s growth, while in the second year an elon- 

TABLE 46 


Carrots: Acreage, Production, and Yield per Acre of Leading 

States and of Total U. S. 


State 

* 

Acreage harvested 

Production (bushels) 

Yield per acre 
(bushels) 

10-ycar 

average 

1934-1943 

1945 

10-year 

average 

1934-1943 

1945 

10-year 

average 

1934- 

1943 

1945 

Arizona. 

2,500 

7,700 

845,000 

2,772,000 

338 

360 

California. 

22,560 

31,420 

8,337,000 

13,749,000 

370 

438 

New York. 

4,030 

5,030 

1,761,000 

2,162,000 

437 

430 

Texas. 

11,150 

19,900 

1,803,000 

3,383,000 

158 

170 

United States. 

53,600 

85,560 

17,280,000 

29,801,000 

320 

348 


gated, short-branched stem develops which carries the flowers, 
fruit, and seed. The leaves produced during the first year are char¬ 
acterized by long petioles, with the narrow leaf blade being deeply 
incised. The inflorescence is a compound umbel and although the 
flowers are perfect, pollination is performed chiefly by insects. The 
fruit is a schizocarp and bilocular and at maturity it divides, form¬ 
ing two partial fruits each containing an ovule. These partial 
fruits are indehiscent. 

Manures and fertilizers. It is quite likely that there is some 
growth-stimulating substance in fresh manure which causes car¬ 
rots to become forked; hence, the use of fresh manure preceding 
carrots is likely not only to add weeds which are difficult to control 
but it may cause misshapen hypocotyls. On muck it is common to 
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apply from 500 to 1000 pounds per acre of a fertilizer high in potash 

such as a 3-9-18 or a 0-10-10 for carrots. On sandy soils a fertilizer 

higher in nitrogen such as a 6-8-6 or an 8-8-8 is commonly used. 

On silt-loam soils a fertilizer high in phosphorus such as a 4-12-4 

or a 5-10-10 is recommended. The root is not especially sensitive 

to a low pH value and if the soil reaction lies between 5.7 and 7 

the roots will make a very excellent growth provided other grow¬ 
ing conditions are ideal. 

Thinning. The market value of carrots is determined largely by 
their shape and color. In order to assure a good shape it is necessary 
to thin the seedlings so that the shape is not altered due to crowd- 
mg. Thinning should be done while the plants are very small in 
order to cause the least amount of disturbance. It is also essential 
that the process be done with caution to avoid injuring the plants. 

Climate. The color of the carrot develops best at temperatures 
of from 60° to 70° F. At 50° to 60° F. the yellow color does not de¬ 
velop properly. Low temperatures also cause the carrot to produce 
an elongated hypocotyl, whereas, high temperatures produce a 
short, stubby type of root. 

Varieties. The most popular varieties for bunching are Impe- 
rator, Hutchinson, Chantenay, and Danvers. Imperator and Hutch¬ 
inson are elongated carrots with long tops, and Chantenay is ta¬ 
pered with a stumped root ’ivhich is slightly thicker than Hutchin¬ 
son or Imperator. Danvers is still longer and more pointed than 
Chantenay but it is not as long as the Imperator. Nantes is a cylin¬ 
drical, blunt-ended carrot that has a small core and is of high qual¬ 
ity. Chantenay, Danvers, and Nantes are commonly grown for stor¬ 
age. Oxhart is a very short, heart-shaped carrot with a thick core. 

Varieties which have a small core of xylem tissue are much more 
desirable than those which have large cores because the outer 
phloem tissue is much more succulent and contains a large portion 
of carotene. 

Harvest and storage. The quality of the carrot or hypocotyl, 
which is the only edible portion of carrots, depends altogether 
upon the grotvth of the foliage. If the foliage becomes diseased or 
dies because of lack of fertilizer, the quality of the root is impaired. 

Carrots are usually bunched with a minimum of 1 pound per 
bunch and are packed in Los Angeles crates containing 72 bunches. 
They are tied together with string, rubber bands, or special com¬ 
pound called “Twistem.” This “Twistem” is made of wire lami- 
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Fig. 142. Left to Right: Imperator, Nantes, Chantenay, and Danvers. 


nated between narrow strips of tough paper. The bunches may 
also be tied by machine. Rubber bands are preferred because they 
always hold the bunch rigid. In applying the rubber bands, the 
band is first placed around one carrot, stretched around the bunch 
and then secured to another carrot. The same procedure is fol¬ 
lowed in bunching beets and similar vegetables. 

For bunching purposes it is obvious that the tops should be in 
excellent shape. However, gardeners frequently fail to recognize 
the fact that the edible portion of carrots is no longer palatable 
after the foliage has become diseased or has been removed because 
of insect attacks; nor can the vegetable be relished if growth has 
stopped because of mineral starvation. 

In pulling the carrots for bunching purposes, the soil should be 
loose and friable. Heavy types of soil can be loosened by adequate 
irrigation. However, when the roots become very large on heavy 
soil types it is impossible even with very wet soil to pull all of the 
carrots without some of the tops breaking off. 

Carrots wilt quickly in storage and, therefore, should be stored 
at a temperature of approximately 32° F. with a relative humidity 
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Fig. 143. Attractive bundles of carrots ready for the retail market. 


of from 92 to 98 per cent. Many growers wax carrots which im¬ 
proves the appearance and prolongs the life. 

Insects and diseases. Leaf blights, caused by Cercospora apii and 
Macrosporium carote, are now so prevalent that it is necessary to 
spray tvith a 3-4-50 Bordeaux at 10-day intervals beginning when 
the plants are approximately 10 inches high. This is especially true 
during rainy seasons. 

The carrot rust fly {Psila rosae) occasionally causes a major dam¬ 
age by burrowing into the roots. It can be partially controlled by 
the judicious application of calomel. 
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Fig. 144. A two-way plow is used for uprooting carrots at the King Farms 
Company, Morrisville, Pa. It does as much as twenty men with forks can do. 


Weed control. One of the most effective methods of controlling 
weeds on the Umbelliferae (which include carrots, parsnips, pars¬ 
ley, and celery) is to spray petroleum naphtha types of oil (these 
solutions have an aromatic content of approximately 15 per cent) 
on the foliage of carrots and weeds at’ the rate of from 80 to 100 
gallons of oil per acre. In extremely wet seasons it may be nec¬ 
essary to make as many as three applications but usually one 
application when the carrot plants are small will be sufficient to 
eliminate weeds so that subsequent weed control can be effected 
by ordinary cultivation. During extremely wet seasons the use of 
oils actually saves many fields because it is impossible to cultivate 
very much. Some of the oils used are Savasaol No. 5, Stodard 
Solvent, Mineral Spirits, Sun Spirits, and Sohio Solvent. In mak¬ 
ing the application the flat nozzle such as a Skinner or Monarch 
nozzle that discharges sprays at an angle of from 60 to 90 de¬ 
grees is more effective than other types of nozzles. The oils are in¬ 
flammable and special precautions should be taken to prevent fire. 
The sprays should be kept off workers’ clothing and workers 
should be warned not to smoke where they are using the sprays. 
The oils are destructive on rubber and connections should be 
made in so far as possible with pipe. After using oil sprays it is 
advisable to clean out the sprayer with strong soap so that the oil 
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residue will not interfere rvith subsequent applications of fungi¬ 
cides. ° 

Radishes. Radishes {Raphanus salivus) belong to the mustard 
family and are native to Europe and Asia. They are grown by prac¬ 
tically all home gardeners and by many commercial gardeners. 
The annual sorts mature in from 3 to 6 weeks and may be grown 
early in the spring or as a fall crop. The biennial sorts are usually 
sown during the summer and are harvested in the fall and stored 
much the same as carrots and parsnips. Mississippi and California 
are two of the principal producing states. 

The edible portion of hypocotyl consists largely of pectin and 
protopectin. The pectin and protopectin make up approximately 
27 per cent of the dry weight and pectic acid makes up 15 per cent 
of the dry weight. 

Cultural practices. The seed is sown direct in the field by means 
of seed drills, at the rate of 10 or 12 pounds per acre. The rows are 
usually spaced from 12 to 15 inches apart. When radishes are 
planted on muck soils, thinning is rarely practiced. In the northern 
part of the United States seed can be planted early in the spring 
and continuous plantings can be made throughout the summer. 
The larger growing types tvhich are used for storage purposes are 
usually thinned so that the plants stand from 2 to 4 inches apart 
in the row. 

Radishes are a cool-season crop and go to seed and become pithy 
with long days and high temperatures. 

Fertilizers. On muck soils, fertilizers high in potash such as a 
0-10-10, a 0-12-12, or a 3-9-18 are recommended at the rate of 
500 to 1000 pounds per acre. On silt-loam soils fertilizers high in 
phosphorus such as a 4-12-4, a 5-10-10, or a 2-12-6 are commonly 
used. On sandy soils additional applications of nitrogenous fer¬ 
tilizers are needed in order to encourage a rapid growth. 

Plant characteristics. The radish is an annual or a biennial. The 
taproot is fleshy and two lateral rows of roots arise on opposite 
sides. In the globe forms, the edible portion consists of the hypo¬ 
cotyl. In the long types, the taproot as well as the hypocotyl make 
up the edible portion. A rosette of leaves grows from the crown dur¬ 
ing the vegetative period of growth. If radishes are grown as a 
spring crop, the plant grows as an annual and after the vegetative 
period an elongated stem bearing the typical cruciferous yellow 
flowers is formed. When radishes are grown as a fall crop, flowers 
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Hn not form until the following spring. Pollination is performed 

iiefly S S-cts. The fruit is a pod about one to three mches tn 

length and does not dehisce at maturity. , r . „ j 

Varieties. Scarlet Globe is one of the most popular of the round, 

red varieties. It matures in about 21 days under very 

ditions Other round, quick-maturing varieties include Saxa, 

Crimson Giant, French Breakfast, Early Scarlet Turnip White 

Tinned, and Sparkler. The latter three have white tips. 

Two popular long, white varieties include White Icicle an 

^Winfer^varSies include Long Black Spanish Bl^k Round 
Snanish, Chinese Rose Winter, and Chinese White Winter. As 
indicated, the first two varieties are black and last two rose 
and white colored respectively. These varieties shoujd be plante 
in late spring or early summer for the fall crop. They require 

about 60 days for maturing. 

Harvesting and marketing. Radishes are almost always If 
with the tops attached. Usually the radishes are bunched and 
tied with rubber bands as they are pulled in the field. Since 
the hypocotyl or roots are small, the bands are simply slipped 
over the ends of the roots, although the tie can be made as de¬ 
scribed for carrots. If they are to be used commercially, the dirt is 

washed from the roots under high pressure sprays. 

If the radishes are to be shipped long distances, they are packed 
between layers of ice and in this way they can be stored for several 
weeks without any appreciable deterioration in quality. 

Insects and diseases. The cabbage maggot probably causes more 
injury than any other insect. Many growers use corrosive sub- 
lirnate in a 1 to 1000 solution as described under the control 
of m^aggots which infest cabbage. In spite of the fact that corrosive 
sublimate is toxic to human beings, it is quite likely that all of the 
toxins are precipitated by the proteins in the soil long before the 
radishes are pulled for human consumption. Pyrethrum from ex¬ 
tracts has been used with varying degrees of success for the control 
of cabbage maggots. Most commercial growers simply make large 
plantings and discard roots infected with maggots. Flea beetles 
may be controlled with rotenone dusts and sprays. Plant lice can 
be eradicated with nicotine sprays or dusts. Radishes are fre¬ 
quently attacked with a black rot disease. The only control is the 
use of resistant varieties and long-time rotations. The foliage is 
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frequently attacked by a white rust and black rust. Practical con¬ 
trol in both cases is a permanent crop rotation plan. 

Turnips. The turnip (Brassica rapa) belongs to the Cruciferae 
family and is a native of Russia and Siberia. 

Cultural practices. Turnips are a quick-maturing root crop 
which can be planted early in the spring and in late fall. They do 
not do well during the hot, dry weather. The seed is usually 
planted broadcast or ^vith seed drills at the rate of 1 or 2 pounds 
per acre. Care must be used not to plant too thick, otherwise the 
roots will crowd each other and become misshapen. Thinning is 
not usually practiced. 

If the late crop is grown it is sown from July 25 to August 10 in 
the central tier of states on ground that has been summer fallowed 
to conserve the moisture and to kill the weeds. More uniform 
planting can be secured if the seeds are sized. 

Fertilizer. On muck soils a fertilizer high in potash such as an 
0-10-10, an 0-12-12, or a 3-9-18 is commonly used at the rate of 
200 to 1000 pounds per acre. On silt-loam soils, a fertilizer high in 
phosphorus is used such as a 4-12-4 or a 2-12-6. On sandy soils 
more nitrogen is used and supplemenatry applications of nitrogen 
fertilizers are commonly made. 

Varieties. The most popular variety of turnips is Purple Top 
\Vhite Globe. As the name indicates, it is a white, globe-shaped 
vegetable with a purple top. Purple Top Milan is similar in color 
but is much flatter. Golden Ball is a golden-colored, round variety. 
Seven Top and Shogoin are varieties which are used almost exclu¬ 
sively for greens. 

Insects and diseases. Turnips are attacked by the same insects 
and diseases as cabbage, and the control is the same..Care should 
be used in the use of corrosive sublimate for maggot control be¬ 
cause the poison comes in direct contact ^vith the roots which con¬ 
stitute the edible portion. As indicated previously, however, the 
mercury is largely precipitated out of solution long before the tur¬ 
nips are pulled and any poison remaining on the roots is washed 
away in the cleaning operations. 

Harvesting and storage. In the spring of the year, turnips are 
frequently pulled and bunched in the same manner as described 
for carrots and beets. In the fall of the year the tops are cut off and 
the roots, or hypocotyls, are stored and are marketed throughout 
the winter. They should be stored at 32° F. with the humidity 




Fig. 145. Harvesting turnips on the .Arthur L. Smith farm in Columbus, Ohio. 


ranging from 95 to 98 per cent. If a large quantity is stored at one 
time, care should be exercised to place the containers a few inches 
apart so that cooling will be accomplished quickly. Otherwise, the 
turnips will sprout in storage even though the temperature is 

32° F. 

Rutabagas. Rutabagas (Brassica napabrassica), native to Russia 
and Siberia, are cultivated much the same as turnips but require a 
longer period in which to mature. They are grown generally in the 
northern tier of states and in Canada. Cultural practices are about 
the same as those for turnips, but the roots are usually dipped in 
heated paraffin before being sent to marker in order to prevent 
wilting. Since the flesh of rutabagas is yellow they contain more 
carotene than the white varieties of turnips. They are almost 
always marketed without tops. American Purple Top, or Long 
Island Improved, is one of the most popular varieties. This ruta¬ 
baga is yellow with a purple top. Other varieties include White 
' Rock, Sweet German, Early Neckless, and Bangolm. 

Parsnips. Parsnips {Pastinaca saliva), a native of Europe and 
Asia, are biennials and belong to the Umbelliferae family. 

Cultural practices. The seed is sown with seed drills at the rate 
of about 2 pounds per acre with the rows from 15 to 18 inches apart 
for hand cultivation and from 24 to 30 inches apart for power cul¬ 
tivation. 

Care should be taken to plant the seed as shallow as possible be¬ 
cause the young seedlings are not able to push through crusted 
soil. It is a common practice to plant quick-maturing crops such 
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as radishes along with parsnips in order to mark the rows for culti¬ 
vation. 

Since.parsnips belong to the Umbelliferae family, weed control 
can be accomplished by the use of oil sprays as indicated for car¬ 
rots. 

Fertilizers. Parsnips require a large amount of potash. On muck 
soils, applications of 3-9-18, 0-10-10, and 0-12-12 at the rate of 
1000 pounds per acre are recommended. Silt-loam soils require 
fertilizers high in phosphorus such as a 4-12-4 or a 2-12-6. On 
sandy soils it is best to use a 5-10-10 supplemented with a ferti¬ 
lizer high in nitrogen such as a 5-10-10. 

Climate and storage. Parsnips require a long season and so they 
must be planted early in the spring.and must not be harvested 
until as late in the fall as possible. They are not killed by freezing 
and it is common practice to grow parsnips in large acreages in re¬ 
gions ^vhere the soil does not freeze very hard in the wintertime so 
that parsnips can be dug throughout the winter. This eliminates 
costly storage. If dug for storage they should be held at 32° F. with 

a humidity of from 95 to 98 per cent. 

The quality of parsnips is improved by subjecting them to low 
temperatures which convert the starch into sugar and give them 
the desired sweet taste. 

Harvesting. Parsnips are rather difficult to harvest because of 
their long root. In home gardens they are dug with a spading fork. 
In commercial acreages the roots are loosened by running a plow 
close to one side of the row after which they may be pulled out by 
hand or are plowed out by plo^ving deeply so that the entire root 

is lifted. 

Varieties. Hollow Crown is the most popular variety of parsnips. 
Other v'arieties include Short Thick, Long Smooth, and Ideal. 

Insects and diseases. Parsnips are relatively free from attack by 
insects and diseases. The webworm, which is about one-half inch 
long and has a black head and short hairs on the body, occasionally 
attacks parsnips. Calcium arsenate, in sprays and dusts, should be 

applied for effective control. 

The Ramularia leaf spot, which causes irregular brown spots 
on the leaves, occasionally attacks the foliage. This can be con¬ 
trolled with a 2-2-50 Bordeaux spray. ,, , u 

Salsify. Salsify {Tragopogon porrifolius), sometimes called the 
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vegetable oyster is a native of southern Europe. It is a hardy bi¬ 
ennial belonging to the compositae or sunflower family. 

Salsify, including Black Salsify and Scolymus, requires a long 
season and should be sown early in the spring and should be al¬ 
lowed to grow until as late in the fall as possible. The roots are 
dug and stored in the same manner as parsnips. They are also 
hardy and may be left in the ground during winter, especially in 
mild climates. If dug and stored, they should be stored at 32° F. 
with a humidity of from 95 to 98 per cent. 

REVIEW QUESTIONS 

1. Why is it impossible to regulate beet planting so as to have one 

plant in a place? 

2. What are stecklings? 

3. What disease of beets is caused or spread by leafhoppers? 

4. How is beet seed sown and how much is required per acre? 

5. What packages are used for marketing beets and rhubarb? 

6. Make a drawing of a beet plant and indicate parts. 

7. How is it possible to indicate the difference between hypocotyl 

and root? 

8. Describe the growth processes in the upper, middle, and lower 

portions of the hypocotyl and in the root. 

. 9. Define periderm, pericycle, primary xylem, primary cambium, 
secondary cambium, rosette, cauline leaves, caryopsis, achene, and 

protandry. 

10. What percentage of radish roots (hypocotyl) is protopectin, pec¬ 
tin, and pectic acid? 

11. How does the percentage of these materials found in radishes 
compare with the percentages found in the hypocotyl of other vege¬ 
tables? 

12. How do radishes react to lengths of days? 

13. To what chemical is the yellow color of carrots due? 

14. How many pounds of carrot seed are required to plant an acre? 

15. How much parsnip seed is required to plant an acre of ground? 

16. How may the quality of parsnips be improved? 

17. To what is the quality due? 

18. How do the storage products in the roots of parsnips differ from 
those in the roots of radishes? 
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Bulb Crops 


The bulb crops, including onion, leek, garlic, shallot, and 
chives, are native of the Mediterranean region of Europe and of 
Asia. The onion {Allium cepa) is the most important of this group 
of crops in the United States. The production figures are shown 
in Table 47. The onion varieties Sweet Spanish and Bermuda are 
grown in Texas and in California. In other states, the domestic 
type of onion predominates and is characterized by a somewhat 
stronger flavor than the Bermuda or the Sweet Spanish. The char¬ 
acteristic flavor of onions is due to their content of allyl-propyl 
disulphide. Pungency is associated with high carbohydrate and 

low moisture content of bulbs. 

Apparently most varieties of the cultivated onion produce a 
vegetative growth with a short day or photoperiod. The Early 
Grano variety will produce bulbs tvith relatively short days, that 
is days of 12 or 13 hours, whereas the Sweet Spanish varieties pro¬ 
duce bulbs with a longer photoperiod, perhaps 15 hours per day. 
Most varieties produce seedstalks when grown at a temperature 
of from 40° to 50° E. and will continue to produce a vegetative 
type of growth when grown at 60° E. Strangely enough seeds stored 
at 32° F. do not have as great a tendency to produce seedstalks as 
those which are stored at 45° F. Thus 32° F. is recommended as 
the proper storage temperature for onion sets which are to be 
used later for mature bulbs. Although sets stored at 60° F. will not 
go to seed, many of them will rot when stored at this higher tem¬ 
perature. 

Plant characteristics. The characteristic odor of the members of 
the genus Allium is well known and the intensity varies with the 
different species. The edible portion of the onion consists of the 
scales, or thickened leaf bases, which arise from the short, conical 
stem or stem plate. The root system of the onion is fibrous and 
compact with most of the roots in the upper 8 to 12 inches of the 
soil. The roots radiate from the stem plate both vertically and hori¬ 
zontally with some of the latter not more than an inch beneath the 
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Fig. 146. Italian Red. 


soil surface. The leaf blades which arise from the stem plate are 
cylindrical and hollow, with the older leaves on the outside com¬ 
pletely surrounding the new growth tvithin. Flower stalks develop 
the second year from the mother bulbs and the flowers are borne 
in simple umbels. The flowers of an inflorescence may continue to 
open over a period of 2 weeks or more. Although the onion flower 
has 6 stamens, the anthers dehisce and the pollen is shed before 
the stigma is receptive. Thus, for fertilization it is necessary for 
pollen from another flower in the umbel, inflorescence, or perhaps 
from another plant to be transferred to the stigma. Wind and grav¬ 
ity play a part in this transfer, but insect pollination is by far the 
most important. Since the onion flower is chiefly insect pollinated, 
crossing is common, and where different varieties are being grown 
for seed, it is necessary to separate the fields by at least a half mile. 
The fruit of the onion is a capsule and the 3-celled ovary contains 
2 seeds in each locule. 

Soils and fertilizers. Onions are grown on almost all types of 
soils. A pH of from 6 to 6.5 is usually recommended. Sandy, silty, 
and silty-loam soils are commonly used in growing onions in Texas 
and in Massachusetts. Muck soils are utilized more generally in 
California, New York, Ohio, Indiana, and Michigan. If onions are 
to be grown on the heavier types of soil, it is best to use sets rather 
than seed. Because of the difficulty in controlling weeds, organic 
manure is not commonly applied immediately preceding the 
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onion crop unless the manure is well rotted. When fresh manure 
is used, it should, if at all possible, be plowed under during the 
fall. A fertilizer high in nitrogen and phosphorus is commonly 
used in Texas. On the muck soils a fertilizer high in potash is rec¬ 
ommended. A 0-10-10, a 3-9-18, or a similar fertilizer usually 
brings excellent results. If a limited supply is available, it .should 
be applied underneath or to the side of the row as a band appli( a- 
tion at the time the seed is planted. If more than 3 per cent of ni- 


TABLE 47 


Onions: Acreage:, 


Production, and Yield per Acre of 
AND OF Total U. S. 


Leading Stapes 


State 

Acreage harvested • 

Production (sacks) * 

Yiei.d per acre 
(hacks) ' 

lO-ycar 

average 

1934-1943 

1945 

1 

10*ycar 

average 

1934-1943 

1945 

10-ycar 

average 

1934- 

1943 

1945 

California. 

7,890 

12,000 

2,907,000 

5,937,000 

368 

495 

Colorado. 

5,860 

13,500 

2,778,000 

5,670,000 

455 

420 

Texas. 

61,310 

62,600 

4,906,000 

4,420,000 

80 

71 

New‘York. 

13,080 

11,800 

6,128,000 

4,036,000 

470 

342 

Michigan. 

9,700 

7,600 

3,482,000 

3,040,000 

363 

400 

United States.. . : .. 

130,270 

140,620 

31,847,000 

36,137,000 

249 

257 


^ 50 pounds per sack 


trogen is included in the band application it should be to the side 

of the rows rather than underneath. 

Trace elements, especially copper, have produced increased 
yields on some of the soils in New York and in Michigan that have 
been cropped for many years. Applications of from 200 to 300 
pounds per acre of powdered copper sulphate often increase the 
yield and produce a greater thickness and better color to the outei 
scales. 

Propagation. Most onions are propagated from seed. Seed sown 
in specially prepared seed beds or in greenhouses and hotbeds 
from 10 to 12 weeks before the plants are set in the field usually 
produce an earlier and larger crop of onions than when the seed is 
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sown direct in the field. The 
transplanting method of produc¬ 
ing an onion crop is known as 
a new onion culture, although 
it was described by Theophras¬ 
tus about 250 b.c. This method 
is used in Texas and by some 
home gardeners in northern 
states who secure plants grown in 
the South. These plants should 
be set in the field as soon as pos¬ 
sible in the spring with the roots 
in moist soil. The crown must 
hot be covered too deeply. Seed 
sown at the rate of from 40 to 
100 pounds per acre produce 
small onions which are called 
sets. These sets, which are from 

1/2 to ^ of an inch in diam- 
Fig. 147. Southport Yellow Globe, eter, are generally used by home 

gardeners and sometimes by com¬ 
mercial gardeners for growing the mature crop. As already, in¬ 
dicated, sets should be stored over winter at a temperature of 
32° F. Onion set planters are available. From 12 to 35 bushels of 
sets are required per acre, depending upon the size of the sets. Sets 
smaller than 1/2 inch in diameter do not possess sufficient food re¬ 
serve to make them especially valuable and sets larger than 
inch in diameter are more likely to go to seed than the smaller sets 
regardless of storage temperatures. The Ebenezer variety is used 
more generally than any other for onion sets, although the various 
Yellow Globe and Bottleneck varieties are frequently used. White 
sets are commonly grown from White Portugal seed. Nitrogen is 
more essential for onion set culture than for the seeds or seedlings. 
The reason is that their reserve of carbohydrates has already been 
stored in the onion sets and the nitrogen supply made available 
early in the season will enable the sets to make a rapid growth dur¬ 
ing what is usually the most favorable growing season. 

The largest percentage of onions is grown from seed sown direct 
in the field with the rows planted 12 or 13 inches apart. On muck 
soils, conducive to a high percentage of germination, it is cus- 
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tornary to plant • about 
pounds of seed per acre, depend¬ 
ing upon the germination per¬ 
centage as shown by previous ger¬ 
mination tests. Single- or multi¬ 
ple-row seed drills are used for 
planting the seed. These drills 
can be drawn by horses but are 
more commonly used with trac¬ 
tors. When drilling on muck 
soils the tractor can be equipped 
with wide rear wheels which 
compact the soil and level it im¬ 
mediately ahead of the seed drills. 

Thinning is costly and is usu¬ 
ally disregarded on muck soils. 

This is one reason why a small 
amount of seed is sown. More¬ 
over, the bulbs crowd each other 
aside in the loose muck without 
altering the shape of the bulbs. On mineral soils, a thick planting 
with subsequent thinning is recommended. Boys are usually em¬ 
ployed for this purpose. Great care must be exercised to avoid in¬ 
juring seedlings which have been left in the soil for the next 

crop. 

Potato onions and perennial tree onions are propagated by 
vegetative means and do not regularly produce seed. The Egyptian 
or perennial tree onion bears small top sets instead of seed. This 
onion also divides at the base to form small bottom sets. The po¬ 
tato onion divides only at the base and seldom produces sets or 
top seed. The small potato onions will grow into large, marketable 
onions and the large, marketable onions, when planted, will divide 
into small sets. Egyptian or perennial tree onions are more hardy 
than potato onions. However, in latitudes as far north as southern 
Ohio, potato onions as well as Egyptian tree onions are planted 
in the fall of the year. The common procedure is to plant them in 
trenches 5 or 6 inches deep and gradually to pull in the dirt as the 
onions grow, thus making it possible to get slender, blanched stems 
for bunch onions early in the season. These onions are often er¬ 
roneously called shallots. 



Fig. 148. Sweet Spanish. 
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Fig. 149. Yellow Strasburg. 

Effective weed control is the basis for cultivation in the onion 
plots. Careful operators can use knife blades attached to single- or 
double-wheel hoes and can kill all the weeds to within 1/2 inch 
of either side of the onion plants, thus minimizing hand weed¬ 
ing. Weeders have been used but have not proven universally 
satisfactory because of injury to the onions and the lack of weed 
eradication. Figure 146 shows a multiple-row onion weeder. 

Three distinct colors may be recognized in onions: yellow, red, 
and white. The yellow varieties constitute approximately 75 per 
cent of all onions. The most important yellow varieties include 
Yellow Globe, Yellow Globe Danvers, Southport Yellow Globe, 
Ohio Yellow Globe, and Japanese or Ebenezer. Early Yellow Globe 
is grown in the Connecticut Valley and in Orange County, New 
York. The Sweet Spanish, also a yellow onion. Crystal White Wax, 
and Red Bermuda are Bermuda onions grown extensively in 
Texas. Southport Red Globe, Red Wethersfield, California Red, 
and Italian Red (grown in California) are the leading red varieties. 
Southport White Globe, White Creole, and Silver Skin constitute 
the most popular white varieties. A yellow variety known as Creole 
is g^own extensively in Southern Louisiana. The classification of 
the principal varieties of onions is given as follows in the U. S. 
Department of Agriculture, Miscellaneous Publication 435. 





Fig. 150. Tillivating six rows of onions on the Dave Slinger farm in Randolph, 
Wisconsin. The capacity of this machine is from 1.5 to 2.5 acres per hour. 


Dry bulb scales yellow or brown 
Scales solid medium brown, oblate.Australian Brown 

Scales yellow 

Thick, flat to medium oblate 
Thick, flat, light straw-yellow scales, 

mild flavor.Yellow Bermuda 

Medium oblate, pinkish-yellow scales, 

strong flavor.Ebenezer 

Deep oblate 

Scales light to medium yellow.Early Yellow Globe 

Scales medium brownish-yellow.Mountain Danvers 

Not deep oblate 

Obovate (flattened base).Ohio Yellow Globe 

Not obovate 

Ovate (flattened upper half).Early Grano 

Not ovate 

Round, medium brownish- 

yellow scales.Yellow Globe Danvers 

Oval 

Medium size 

Scales medium yellow and me¬ 
dium thick.Southport Yellow Globe 

Scales deep yellow and thick.Brigham Yellow Globe 

Large size, scales brownish yellow, 

flavor mild.Sweet Spanish 
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Dry bulb scales white 

Flat, large diameter, mild flavor.Crystal Wax 

Thick, flat to oblate 

Thick, flat, early-maturing.White Creole 

Oblate, late-maturing.White Portugal 

Deep oblate to round 

Medium size, strong flavor.Southport White Globe 

Large size, mild flavor.White Sweet Spanish 

Dry bulb scales red or purple 
Mild flavor, soft flesh 

Thick, flat, large size.California Early Red 

Torpedo or long oval.Italian Red 

Strong flavor, firm flesh 

Thick, flat, large size.Red Wethersfield 

Thick, flat to oblate, buff red.Red Creole 

Round to oval, dark purplish red.Southport Red Globe 


Harvesting. Onions grown to be marketed in bunches should 
be pulled as soon as they are large enough. The outside skin is 
peeled off, the roots are usually trimmed, and the plants are tied 
in small bunches, depending upon local practices. Rubber bands 
are used when they are available. Tying machines are practical. 

The potato onion (White and Yellow Multiplier) and the Egyp¬ 
tian perennial tree onion produce the earliest crop in the spring. 
Bermuda and Sweet Spanish onions grown in the south are fre¬ 
quently pulled before the tops are thoroughly dry in order to place 
them on the market early. Onions grown in the north for the late 
crop are usually allowed to ripen so that the outer scales are thor¬ 
oughly dried. If they have been properly fertilized and if they 
escape injury from insect and disease pests, the tops will ripen so 
that the stem, extending an inch or so above the bulb, dries out 
and cures. Under adverse conditions this region remains succulent 
and tvhen the tops are removed rot organisms are likely to gain a 
foothold at this point. In commercial practices, the onions are 
pulled and are placed in windrows with 6 or 8 rows of onions in 
a windrow. The tops are distributed over the bulbs to prevent 
sunburning if they are harvested in a period of high temperature. 
If it rains while the onions are in the windrow it will be necessary 
to stir the onions, thus enhancing the drying process. After from 
3 to 10 days of curing, the onions are topped either by hand or by 
topping machines. At this point, care should be taken not to cut 



















Fig. 151. Onions curing in windrows with the foliage protecting the bulbs. 



Fig. 152. Onions are sometimes cured in the field with the tops arranged as 
illustrated. 


into the live tissue. It is especially important to handle white 
onions with care to prevent attacks by smudge organisms. For both 
tvhite onions and the limited crop grown by home gardeners, the 
bulbs with tops attached may be placed in thin layers under shelter 
until they are cured. 

After the onions are dry, it is advisable to sort them by running 
the bulbs over a sorting rack or a grading machine. It is especially 
important to eliminate thick necks and decayed bulbs. 
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Fig. 153. Pulling, topping, and crating onions. 


Texas onions are marketed in slatted crates, which hold 1 
bushel. Most of the northern-grown onions are packed in open 
weave bags which have a capacity of from 10 to 100 pounds. Onions 
grown for local market may be marketed in several types of bags, 
depending on local custom and wishes of the grower. 

Onions are stored at 32° F. at a relative humidity of 65 per cent. 
Under proper storage conditions, the weight shrinkage would 
amount to about 5 per cent and the total storage charge would ap¬ 
proximate 5 or 6 cents per bushel. 

Insect and disease pests. Onion thrips {Thrips tabaci) are small, 
yellowish, sucking insects. They are especially numerous during 
warm, dry seasons and are considered the worst onion pest. During 
rainy seasons the insects are washed from the plants. The best con¬ 
trol is to spray the plants with tartar emetic and brown sugar. For 
small applications, use 1 ounce of tartar emetic and 2 ounces of 
brown sugar in 3 gallons of water. For more extensive operations, 
use 1 pound of tartar emetic and 2 pounds of brown sugar in 50 
gallons of water. The insect lives over winter on sets, and if the 
sets are planted adjacent to fields of bulbs produced from seed the 
thrips will quickly spread from the early onions produced by sets 
to the later crop grown from seed. The overwintering thrips can 
be killed on sets by fumigating them with naphthalene flakes ap¬ 
plied at the rate of 1 ounce of naphthalene flakes for each pound of 
sets. During the fumigation the sets should be placed in airtight 
bags for 10 days. Care should be taken to avoid contamination. 



Fig. 154. A topping machine is used to top onions. 


Onion fields are often contaminated from thrips originating in 
adjacent greenhouses. In view of this fact, it is not advisable to lo¬ 
cate outdoor onion crops near greenhouses, especially if the latter 
harbors thrips. 

Onion maggots {Pegomyia cepetorum) are the larvae of a fly 
smaller than the common house fly. They are especially injurious 
to young seedlings and can be controlled by treating the seedlings 
with corrosive sublimate solution, ratio 1 to 1000. In applying the 
solution, care must be taken so that it does not come into contact 
with metal because the potency of the solution deteriorates anddt 
causes the container to corrode. 

Bordeaux emulsions have not proved effective, and in some in¬ 
stances the moisture supplied by the Bordeaux spray allows a great 
percentage of the eggs to hatch which obviously increases infesta¬ 
tion. 

Smut {Urocystes cepulae) is a serious disease of onions in the 
North but its damage is negligible in the South because of higher 
temperatures. It attacks only small plants, consequently growing 
onions from sets is one effective method of control. The most com¬ 
mon method of controlling smut on small seedlings is to apply a 
solution of formaldehyde at a strength of 1 gallon of formaldehyde 
to from 65 to 100 gallons of water. The stronger solution is ap¬ 
plied on moist soils and the weaker solution is applied on dry 
soils. It is applied at the time the seed is planted by gravity flow 
through a small tube connected to an overhead tank, 
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Onion mildew {Peronospora schleideni) is a fungus disease 
which is prevalent during wet seasons. There is no effective con¬ 
trol. Rotation of crops, destruction of perennial onions, and the 
avoidance of planting onion sets beside onions grown from seed 
are all useful precautions. 

Pink rot, caused by Fusarium malli, is often a serious disease of 
onions which are grown on the same land year after year. The dis¬ 
ease is most serious during dry, hot weather. As the name indicates, 
it causes the roots to turn pink. Nitrogen fertilization, rotation of 
crops, and the use of new land are the only effective controls. 

Neck rot, caused by Botrytis allii, attacks the necks of improperly 
cured onions. Care in curing is the only practical control. 

Smudge {Colieto trichum circinans) is a fungus which attacks 
white varieties and colored varieties from which the outer scales 
have been removed. Colored scales contain a volatile substance 
which inhibits the growth of smudge. There is no satisfactory con¬ 
trol of smudge on white onions except to cure the onions quickly 
and store them in dry, cool environments. 

Leek. Leek {Allium porrum) is a biennial propagated from seed. 
Leek seed is usually sown in the fall in the bottom of trenches and 
as the plant enlarges the soil is worked up around the plants so 
that the lower portion becomes wider. In the spring of the year 
after growth is resumed, the plants are pulled and marketed in 
bunches. Care must be taken not to bank up the dirt around the 
plants too early in the fall since this will promote decay. 

Garlic. Garlic {Allium sativum) is propagated almost entirely 
from cloves. The seedstalk produces both bulblets and seed in the 
same head, but the bottom sets or cloves are generally used for 
propagation. The cloves should be planted in the fall on fertile 
soil and as soon as the tops are dead the crop should be harvested. 
The bulbs may be pulled by hand and dried in a manner similar 
to that used in drying onions. The tops may be braided together 

or cut off close to the bulb. 

Shallots. Shallots {Allium ascalonicum) are perennials which sel¬ 
dom produce seed, but the bulbs divide into a number of cloves 
which remain attached to the bottom of the seedstalk. The cloves 
are not, however, enclosed in a membrane like garlic cloves. The 
crop is grown on a limited scale in Louisiana. The cloves are 
planted from 4 to 8 inches apart in rows from 3 to 6 feet apart. 
The lower portion is blanched by packing soil up around the 
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plants about 5 weeks before they are to be marketed. They are 
prepared and marketed in about the same way as green onions are. 
The dry bulb may also be handled and marketed the same as onion 

bulbs are. 

Chive. Chive {Allium schoenoprasum) is a perennial propagated 
by the division of the clumps. It produces purple flowers which 
are usually sterile. The divisions are planted from 3 to 4 inches 
apart in fertile soil with the rows from 14 to 18 inches apart. For 
hand cultivation, plants may be placed in pots for use throughout 
the winter. Leaves are cut off with a knife and are used for sea¬ 
soning. 


REVIEW QUESTIONS 

1. What causes onion sets to go to seed when they are planted the 
second year? 

2. How are garlic, leeks, chives, shallots, perennial tree onion, and 
potato onion propagated? 

3. What packages are used for marketing onions? 

4. How are onions cured? 

5. What are thicknecks? 

6. What fertilizer is very important for onions’ grown on muck? 

7. Compare the yields of onions grown from seed and from sets. 

8. Where are seedlings used for the production of onions? 

9. How is onion smut controlled? 

10. Discuss the importance of weeding onions. 

11. Can onion plants be transplanted by machines? 
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acid, reaction of vegetables, 26, 27, 28 
acidity, 26, 27, 68 

acknowledgment, viii 
acreages 

asparagus, 306 
beans, 265, 268 
beets, 402 
cabbage, 287, 288 
carrots, 407 
cauliflower, 297 
celery, 377 
cucumbers, 341 
eggplants, 258 
lettuce, 368, 369 
muskmelons, 350 
onions, 421 
peas, 277, 278, 279 
peppers, 260 
popcorn, 322, 323 
potatoes, 197, 198 
spinach, 392 
sweet corn, 322 
tomatoes, 245 
watermelons, 353, 355 
aeroponics, vii 
agricultural productivity, vi 
air circulation, 88 
Aizoaceae, 50 

alkalin ereaction of vegetables, 26, 27, 
28 

alkalinity, 26, 27, 28 
aluminum, 29, 59 
ammonium nitrate, 55 
anthracnose, 275, 284, 343 
antimony, 29 
ants, 158 
control, 158 
antu, 158 


aphids, 158, 161, 164, 165, 227, 272, 
346, 381 
aphis, 155 
cabbage, 297 
control, 158, 161 
cucurbits, 346 
melon aphis, 346 
peas, 282 
potato, 227 
army worm, 162, 163 
arsenate 

calcium, 162 

lead, 207 
magnesium, 162 
white, 163 
arsenic, 29, 163 
artichoke, 316 
globe, 316 

characteristics, 316 
classification, 46 
marketing, 316 
propagation, 316 
Jerusalem, 316 
characteristics, 316 
classification, 46 
cultivation, 316 
harvesting, 316, 317 
propagation, 316 
storage, 317 
ascorbic acid, 22 
asparagus, 192 
acreage, 306 
age of plantation, 308 
blanched, 311 
bunching, 312, 313 
characteristics, 306 
classification, 48, 306 
climatic requirements, 306 
crowns, 310 
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asparagus —(con tinned) 
cultivation, 310, 311 
cutting, 311, 312 
diseases, 313 
drainage, 308, 309 
fertilizing, 307, 311 
green, 311, 312, 313 
harvesting, 311, 312, 313 
history, 306 
insects, 312, 313 
intercropping, 311 
lime requirement, 58, 59, 68, 69, 
308 

male vs female plants, 310 
manuring, 65-68, 307, 308 
mulching, 310 
packing, 313 

plant growth, 58, 59, 91, 306 
planting, 306, 308, 309, 310 
processing, 312 
rest period, 308 
salting beds, 308 
seed, 148, 149, 307, 309 
soil, 307, 310 
preparation, 307, 308 
reaction, 68, 308 
requirements, 307, 308 
sowing, 309 , 

top dressing, 308 
varieties, 313 
washing, 313 
yield, 307 

asparagus beetles, 164 
auction and contract, 168 

bacterial blight, 275, 380 
bacterial diseases, potatoes, 218 
bacterial spot, 254, 319 
bacterial wilt, 254, 334, 343 
Barden, R. D., 109 
barium, 29 

barnyard manure, 201 
basic slag, 56 
beans 

acreage. 6, 265, 268 
bush. 190, 192 


beans— (continued) 
characteristics, 265, 270, 272 
classification, 48, 49, 266 
climate, 83, 266 
culture, 267, 268, 269, 270 
disease, 275, 276 
dry shell, 192 
fertilizing, 61, 271 
green shell, 192 
hardiness, 266 
harvesting, 271, 273 
history, 265 
inoculation, 277 
insects, 273 
irrigating, 122, 188 
Lima beans, 190, 267, 269, 270, 273 
lime, 68, 69, 271 
manuring, 65-68, 271 
nodules, 266 
packing, 272 
picking, 272, 273 

plant growth, 58, 79, 91, 265, 266, 
269 

planting, 267, 269, 271 
pole beans, 190, 270 
seed, 148, 149 
quantity, 269 
treatment, 271 
soil, adaptations, 267 
preparations, 270 
reaction, 69, 271 
storing, 272 
value, dry edible, 7 
varieties, 265, 267, 270, 276 
washing, 273 
yields, 268 
bean weevils, 274 
bees, pollination by 
cucumbers, 340 
muskmelons, 349 
pumpkins, squash, 358 
radishes, 413 
watermelons, 354 
beetles 

Colorado potato, 226 

flea. 226, 257 
Mexican bean, 273 
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beets, 187, 190, 192 
acreage, 402 

boron starvation, 61, 403 
characteristics, 401, 402 
classification, 47 
climatic requirements, 83, 404 
cultural practices, 402, 403 
diseases, 405, 406 
fertilization, 403 
harvesting, 405 
history, 401 
insects, 405, 406 
irrigation, 122, 188 
lime requirements, 68-70, 403 
manuring, 65-68, 403 
packing, 405 

plant growth, 58, 79, 91, 401, 402 
planting, 402, 404 
production, 402 
seed, 148, 149, 403, 404 
sowing, 403 
treatment, 156, 403 
soil 

reaction, 69, 403 
storing, 138, 139, 141, 402, 405 
thinning, 404 
uses, 401 
varieties, 404 
weed control, 403 
yields, 402 
beryllium, 29 
bismuth, 29 
black heart, 295, 380 
black leg, 294 
black rot, 239 

black soils and muck, 53, 56, 60, see 
muck 

blights, 259, 275, 283, 395 
bean, 275, 276 
carrot, 410 
celery, 156, 380 
eggplant, 259, 260 
pea, 283 
potato, 219 
tomato, 157, 254 

blister beetle, 162 
borax, see boron 


Bordeaux mixture, 163 
borers, 

corn-ear worm, 164, 257, 333 
squash vine, 164, 347 
stalk, 257, 334 
boron, 29, 61-64 
boron deficiency, 61-63 
botannical names of vegetables, 46- 

50 

bottom rot, 374 
broccoli, 194 
adaptations, 300 
characteristics, 297, 300 
classification, 47, 300 
climate, 297 
culture, 300 
diseases, 294, 300 
fertilizers, 297 
hardiness, 297 
harvesting, 300 
insects, 295 
marketing, 300 
packing, 300 
planting, 300 

plant growth, 58, 59, 79, 91, 300 
seed, 148, 149 
treatment, 156 
varieties, 300 
bromine, 29 
Brussels sprouts 
characteristics, 300 
classification, 47 
climatic requirements, 300 
cultural practices, 297, 298, 300 
diseases, 302 
fertilization, 300 
harvesting, 300 
insects, 302 
packing, 300 

plant growth, 58, 59, 79, 91, 300 
planting, 300 
seed, 148, 149 
storage, 300 
buckwheat family, 51 
bugs, see beetles 
bulb crops, 419-432 
chives, 431 
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bulb crops— (continued) 
garlic, 430 
leek, 430 
onion, 419-430 
shallot, 423, 430 
bush beans, 190 


cabbage, 190, 192, 194 
acreage, 287, 288 
characteristics, 286 
classification, 47 
climatic requirements, 287 
cultural practices, 287, 289 
diseases, 292, 293 
fertilizing, 290 
hardiness, 288, 289 
harvesting, 291, 292 
importance, 287 
insects, 295 

lime requirements, 68, 69, 290 
manuring, 65-68, 290 
marketing, 292 
packing, 292 

plant growth, 58, 59, 79, 91, 286 
planting, 287, 288, 289 
sauerkraut, 287, 288 
seed, 148, 149, 287 
quantity required, 287 
sources, 148 
soil, 290 

preparation, 288 
reaction, 69, 290 
treatment, 287 
storing, 139-141, 292 
topdressing, 290 
varieties, 290 
yields, 287 
cabbage bug, 297 
cabbage looper, 295, 406 
cabbage maggot, 295 
cabbage worm, 164, 295 
cadmium, 29 
calciferol, 22 
calcium, 23, 52, 58, 59 
arsenate, 162 
deficiency, 59 


calcium— (continued) 
nitrate, 55 
soil need, 58, 59 
calories, 26-28 
calories in vegetables, 26-28 
canning crop production, 9 
capital, 19 

carbohydrates 

content of vegetables, 26, 27, 28 
nitrogen relationship, 79 
carotene, 22, 87 
carrots, 190, 192 
acreage, 407 
boron deficiency, 61 
characteristics, 407 
classification, 47 
climatic requirements, 83, 408 
cultural practices, 406 
diseases, 410 
fertilization, 407, 408 
harvesting, 408, 409 
history, 406 
insects, 410 
irrigation, 122, 188 
manuring, 65-68, 407 
packing, 408, 409 
plant growth, 56, 59, 79, 87, 91, 407 
planting, 406 
production, 407 
seed, 148, 149, 406 
treatment, 406 
soil, 407, 408 

storing, 138, 139, 141, 409 
thinning, 408 
uses, 406, 409 
varieties, 408 
weed control, 411, 412 
yields, 407 

cash truck sale, 168 
cauliflower, 194, 297 
acreage, 297, 298 
blanching, 299 
boron deficiency, 61 
characteristics, 297 
classification, 47 
climate, 297 

cultural practices, 297, 298 
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cauliflower— (continued) 

diseases, 292, 293, 299 
drainage, 297 
fertilizers, 297 
harvesting, 299 
insects, 295, 299 

lime requirements, 68, 69, 70- 297 
manuring, 65-68, 297 
packing, 299 
planting, 298 
production, 298 
seed, 148, 149, 298 
treatment, 156, 298 
soil, 297 
drainage, 297 
reaction, 297 
sterilization, 298 
storing, 139, 299 
varieties, 298 
yield, 298 
celery, 194 
acreage, 377 
blanching, 378, 379 
boron deficiency, 61 
characteristics, 375 
classification, 47 
climatic requirements, 375 
cultural practices, 376, 378 
diseases, 379, 380 
fertilizing, 376 
harvesting, 381 
history, 374 
insects, 380, 381 
irrigation, 87, 122, 188, 377 
manuring, 65-68, 375, 376 
marketing, 378 
packing, 382, 383, 384 
plant growth, 58, 59, 91, 375 
planting, 376, 377 
production, 377 
quality, 385, 386 
seed, 100, 148, 149, 375, 376 
treatment, 156 
soil preparation, 375, 378 
storing, 139, 141, 384, 385 
thinning, 376 
varieties. 375. 378, 379 


celery— (continued) 

water requirements, 87, 375, 377 
weed control, 378 
yields, 377 

cellars, for storage, 142 

temperature, 138, see storage 

chard, 396 
culture, 396 
harvesting, 396 
insects and diseases, 396 
varieties, 396 
chayote 

characteristics, 364 
classification, 49 
culture, 364 

insects and diseases, 364 
propagation, 364 
uses, 364 

Chenopodiaceae, 50 
chervil. 388 
chewing insects, 162 
chicory, 192, 386 
classification, 48 
culture, 386, 387 
forcing. 387 
harvesting, 387 
seed, 148 
uses, 386 
varieties, 386 
Chinese cabbage 
characteristics, 302 
classification, 47, 302 
climatic requirements, 302 
cultural practices, 302, 303 
diseases, 303 
fertilization, 303 
harvesting, 303 
insects, 303 
packing, 303 
seed, 302 
sowing, 302 
shipping, 303 
storage, 303 
thinning, 303 
varieties, 302 
chives, 431 
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chlordane, 158 
chromium, 29 
chromosomes, 147 
classification of vegetables, 45-51 
clay loams, 56, 199 
organic matter, 72 
sweet corn, 326 
climate, importance, 17 
club root, 292 

coal supply, v 

cobalt, 23, 29 
cold frames, 101 
covering, 101, 102 
cole crops, 286 
collards, 398 

Colorado potato beetles, 164, 207, 226 
commercial gardens, 111 
equipment. 111 
tractors, 114 
packing equipment, 117 
common scab, 220 
Compositae or composite family, 50 
Convolvaceae or morning glory, 51 
cool season, 186 
cool-season crops, 92 
hardening, 92 
planting, 101 
seeds, 101 
cooperatives, 170 
standardizing, 171 
taxation, 171 
requirements, 172 
selling, 169-172 
copper, 23, 29, 59, 121 
deficiency in soil, 59, 60 
dusts, 163 

fungicides, 160, 252 
monohydrated, 163 
sprays, 163 
sulphate, 60, 163 

corn 

salad, 388 

sweet, 322, see sweet com 
world supply, 4 
corn borers, 164, 330 
corn-ear worm, 64, 257, 333 


corrosive sublimate, 156, 344, 413 

cost accounts, 31 

cost of producing vegetables, 42 

cress, 388 

crown rot, 315 

crows, 158 

Cruciferae or mustard family, 51 
cucumbers, 190, 192 
acreage, 341 
breeding, 342 
characteristics, 339 
classification, 49 
climatic requirements, 83, 342 
crossing, 339, 358 
cultural practices, 339, 340 
diseases, 343, 344, 345 
fertilizing, 340, 341, 342 
hardiness, 342 
harvesting, 342 
history, 339 
hybrids, 342 
importance, 339 
insects, 342, 345, 346, 347, 348 

irrigation, 188 
lime needs, 69 
manuring, 65-68, 340 
marketing, 342, 343 
packing, 342 

plant growth, 58, 59, 91, 339, 340 
planting, 339 
pollination, 340 
production, 341 
quality, 342 
seed, 100, 148, 149, 339 
treatment, 156 
soil preparation, 340 
storing, 139, 342, 343 
thinning, 339, 342 
varieties, 342 

water requirements, 340 
weed control, 340 
yields, 341 

cucumber beetles, 162, 164, 345 
Cucurbitaceae or gourd family, 51 
cultivation, 114, 119, 187 
cutworms, 158, 160, 162, 257, 334 
cyanamide, 55 
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damping off, 100, 155 
dandelion, 398 
date of planting, 192-194 
day length, 80 
delivery sales, 168 
DDT, 164, 199 
diseases, 153-166 

anthracnose, 275, 284, 343 
bacterial blight, 275, 380 
bacterial spot, 254, 319 
bacterial wilt, 254, 334, 342 
black heart, 295, 380 
black leg, 294 
black rot, 239 
blight, 259, 275, 283, 395 
bottom rot, 374 
club root, 292 

common scab, 220 

control, 153 
crown rot, 315 

downy mildew, 345, 374, 395 
dusting, 159 
early blight, 219, 380 
fusarium wilt, 254, 353, 356 


gray mold, 374 
late blight, 219, 254 
leaf spot, 315, 344, 405 
lettuce drop, 374 
mosaic, 276, 344 

powdery scab, 222 
rhizoctonia, 219, 277 
root rot, 283, 319, 380 
rust, 277 
scab, 344 
smut, 334 
soft rot, 240 
spraying, 159 
stem rot, 240 
sterilization of soil, 153 
tip bum, 374 

tomato foliage diseases, 253 
virus diseases, 255, 284 
white rust, 319 
wilt, 220, 259 
yellows, 292, 395 


disinfecting 
seeds, 156, 157 
soil, 153, 154 

dolomitic lime, 60, 61, 66, 251 
downy mildew, 345, 374, 395 
drainage, 120, 121 
open ditches, 122 
tile, clay, 122 
dusting, 159-163 


early blight, 219, 380 

eggplant 
acreage, 258 
characteristics, 259 
classification, 50 
culture, 259 
diseases, 259 
fertilization, 259 
harvesting, 260 
importance, 258 
insects, 259, 260 
lime needs, 69 
plant growth, 83, 91, 259 
seed, 100, 149, 259 
treatment, 156 
storage, 139 
varieties, 259 

electric heat for hotbeds, 97 
elements, fertilizers 

minor element deficiency, 66 

trace, 23, 29, 58-64 
endive, 192, 386 
blanching, 386 
classification, 48 
culture, 386 
diseases, 386 
harvesting, 386 
lime needs, 69 
seed, 149 
storage, 139 
varieties, 386 
environment, 79-90 
equipment, 108, 119 

care of equipment, 117, 118 
cost of operation, 108 
efficiency, 109 
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equipment— (continued) 
home garden, 110 
power garden tractors, 111 
seed drill, 111 
tractors, 114 
trucks, 114 
uses, 37 

wheel hoe, 110 
ethylene dibromide, 158, 165 
experience, secure, 12 
extra labor, 33, 34 


families of vegetables, 50, 51 
fat content of vegetables, 26-28 
ferric and ferrous iron, 121 
fertilizers, 121 
advantages, 52, 53 
analyses, 52, 53 
aplying, 52, 57, 187, 200 
extensive gardening 52, 53 
fillers, 65 

formulae, 56, 64, 200 
home mixing, 64 
hunger symptoms, 54, 55, 56 
intensive crops, 52, 53 
liquid, 133 
losses, 52 

manure, 65-68, 187 
minor elements, 23, 29, 58-64, 66 
nitrogen, 54, 55, 72 
phosphorus, 54, 55, 56 
potassium, 54, 56 
starter solution, 58 
finances, need, 17 

flea beetles, 162, 163, 164, 207, 226, 
227, 257, 260, 334 
fleas, 164 
fluorine, 29, 162 
f.o.b., 167 
foliage diseases, 87 
humidity, 87 
food cliart, 189 
food value of vegetables, 21 
forms (records), 33-40 
equipment, 37 
income, 40 


33 

materials, 36 
miscellaneous, 38 
planting, 35 
sales, 40 
summary, 39 
freezing injury, 85, 92 

freezing for preservation, 143 
procedure, 144, 145 
frosts 

dates of first, 18 
dates of last, 18 
killing, 187 

fungicides, 159, 160 
Bordeaux mixture, 161, 207 
mercuric chloride, 239 
sulphur, 160 
fungous diseases 
potatoes, 219 

fusarium wilt, 254, 353, 356 


forms— (continued) 
labor and power. 


gardening 
home, 9, 10 
market, 8 
planting, 188 
truck, 8 

jarlic, 430 
jlass sash, 94 
jlass substitutes, 94 
goiter, 23 
gophers, 158 
jourd family, 51 
gourds, 357, 358, see pumpkins 
grasshoppers, 158, 162, 163, 334 
growing environment, 79 
gray mold, 374 
greenhouses, 93 
green manures, 72-77 
decomposition 73 
fertilizing, 74 
planting rates, 76 

rye, 75 
rye grass, 75 
seeding, 77 
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g^een manures— ^(continued) 

soil acidity, 75 
turning under, 75 
greens, 391 
greiner, vii 

growing season, length 16, 46-50 
gypsum, 163 

hardening of plants, 92 
hogs, world production, 4 
home garden, 9, 186, 189, 190 
home gardening, 186 

garden plan, 189, 190 

importance, 186 

insect and disease control, 190-195 

irrigation, 188 

planting, 188, 192, 193, 194 
storage, 190 
horn worms, 164, 257 

horsepower, pumping water, 130 

horse-radish, 192, 317 
characteristics, 317 
classification, 47, 317 
cultivation, 317, 318 
diseases, 318, 319^ 320 
fertilizing, 318 
harvesting, 317, 318 
history, 317 
insects, 319 
marketing, 319 
planting, 306, 317 
preparing for market, 317 
propagation, 317, 318 
soil requirements, 318 
storage, 139 
stripping, 318 
varieties, 318 
hotbeds, 93 
construction, 93-97 
covers, 94 
electric heating, 97 
flue-heated, 100 
heating, 95-100 
hot water heating, 97 
location, 100 
manure heating, 96 


hotbeds— (continued) 
sowing seed, 100 
steam heating, 96 
types of heating, 95 

human, food requirements, 23 
humidity, foliage diseases, 87 
hunger symptoms, 54, 55 
hybrid vigor, 147 

hydrochloric acid, 121 
hydroponics, vii 

inbred lines, 147 
income record, 40 
insecticides, 161, 162 
contact, 161 
DDT, 164, 200, 346 
nicotine sulphate, 161 
pyrethrum, 161 

repellents, 163 

air slacked and hydrated lime, 

163 

Bordeaux mixture, 163, 200 
gypsum, 163 
road dust, 163 
talc, 163 

tobacco dust, 163 
stomach poisons, 161 
calcium' arsenate, 162 
fluorine, 162 
lead arsenate, 207 
magnesium arsenate, 162 
Paris green, 163 
poison bran mash, 162 
rotenone, 162 
sulphur, 162 

white arsenic, 163 
insects 

aphid, 158, 161, 164, 165, 227, 272. 
346. 381 

army worm, 162, 163 
asparagus beetle, 164 
blister beetle, 162 
cabbage bug, 297 
cabbage looper, 295, 406 
cabbage maggot, 295 
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insects— (continued) 
cabbage worm, 164, 295 
Colorado potato beetle, 164, 207, 
226 

com borer, 164, 330 
corn-ear worm, 164, 257, 333 
cucumber beetle, 162, 164, 345 
cutworm, 158, 162, 163, 257, 334 
flea beetle, 162, 163, 164, 207, 226, 
227, 257, 260, 334 
fleas, 164 

grasshopper, 158, 162, 163, 334 
horn worm, 164, 257 
leaf beetle, 275 
leaf miner, 395, 405 
leaf hopper, 162, 164, 207, 222, 225, 
273 

Mexican bean beetle, 162, 165, 273 

nematode, 158, 165, 257, 380 

parsnip leaf miner, 388 

pickle worm, 347 

red spider, 162, 274 

scab gnat, 228 

squash bug, 164, 347 

squash vine borer, 164, 347 

slug. 158, 162, 163, 381 

spittle bug, 381 

stalk borer, 257, 334 

stalk weevil, 227 

striped cucumber beetle, 345 

sweet potato weevil, 240 

tarnish plant bug, 381 

thrip, 274 

tomato horn worm, 164 
weevils, bean, 274 
weevils, pea, 282 
white grubs, 158, 227 
wire worm, 158, 160, 165, 227 
iodine, 22. 23, 29 
iron, 29 

iron deficiency, 60 
irrigation, 87, 120, 122, 188 
moisture, 120 
overhead, 122, 123 

subirrigation, 126 
surface, 123 


jobs, 32 

kale, 192, 317, 396 
classification, 47 
culture, 317 
diseases, 317 
harvesting, 317 
history, 317 
insects, 317 
marketing, 317 
seed, 149 
soil, 317 
sowing, 317 
varieties, 317 

King farms, cost accounts, 41 
kohlrabi, 192, 302 
characteristics, 302 
classification, 46 
cultural practices, 302 
fertilization, 302 
harvesting, 302 
lime needs, 69 
moisture, 302 
seed, 149 
thinning, 302 
varieties, 302 

labor, 17, 33, 34 
extra, 33, 34 
forms, 33 
man hours, 34 
per acre, 41 
regular, 33, 34 
late blight, 219, 254 
lead, 29 

lead arsenate, 207 
leaf beetle, 275 

leaf hopper, 162, 164, 207, 222. 225, 
273 

leaf miner, 395, 405 
leaf spot, 315, 344, 405 
leek, 430 
legumes, 72 

Leguminosae or pulse family, 51 
length of day, 80, 81 
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length of growing season, 46-50 
lettuce drop, 374 
lettuce, 190, 192, 194 
acreage, 368, 369 
breeding, 372 
characteristics, 368 
classification, 46, 47 
climatic requirements, 370 
cultural practices, 369 
diseases, 373, 374 
fertilizing, 368, 371 
grading, 373 
hardiness, 370 
harvesting, 373 
history, 368 
importance, 368, 369 
insects, 374 
lime needs, 69 
manuring, 65-68, 369 
marketing, 373 
packing, 373 

plant growth, 58, 59, 91, 374 
planting, 369, 370, 371 
production, 369 
quality, 373 
seed, 100, 149, 370 
treatment, 156 
soil preparation, 368 
soil reaction, 369 
storing, 139, 373 
thinning, 369 
varieties, 371, 372, 373 
water requirements, 368, 370 
weed control, 371 
yields, 369 
lignin, 74 

Lima bean, 190, 192 
lime, 68, 70 
burnt lime, 70 
calcium, 68 
requirements, 70 
slacked, 70 
liquid fertilizers, 133 
list of equipment, 119 
long-day plants, 80 
lycopene, 85 


magnesium, 23, 52, 60 

arsenate, 162 
deficiency, 60, 61 
mallow family, 51 
Malvaceae or mallow family, 51 
manganese, 23, 29, 60, 121 
deficiency, 60 
manure, 65, 67 
green manure, 72 
heating, 95 
market gardening, 8 
marketing vegetables, 167 
air transportation, 183 
brokers, 168 

commission merchants, 168 

hucksters, 167 
jobbers, 168 
laws, 183 
local buyers, 168 
middle men, 168 
preparation, 173 
traveling buyers, 167 
truckers, 167 
trucking rates, 169 
types, 179 
wholesalers, 169 
markets 
retail, 180 
roadside, 179 
wholesale, 180 
materials, record form, 36 
mercuric chloride, 239 
mercury, 29 

Mexican bean beetle, 162, 165, 273 
mice, 158 
minerals, 22 
arsenic, 23 
calcium, 22 
iodine, 22 
iron, 22 
phosphorus, 22 
copper, 23 
manganese, 23 
sulphur, 23 
vegetables, 22, 24, 25 
miscellaneous costs, 38 
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moisture 
excessive, 88 
lack, 87 
moles, 158 
molybdenum, 29 
mosaic, 276, 344 
muck, 56, 290 
fertilizers, 56 
open ditches, 122 
potatoes, 199 
sodium deficiency, 64 
sweet corn, 326 
muriate of potash, 56 
muskmelon, 192 
acreage, 350 
characteristics, 348 
classification, 49 

climatic characteristics, 83, 348, 351 

crossing, 339, 358 

cultural practices, 349 

diseases, 348, 353 

fertilizing, 350, 351 

hardiness, 351 

harvesting, 352 

history, 348 

insects, 348, 353 

irrigation, 122, 188 

lime needs, 69 

manuring, 65-68, 350 

marketing, 353 

packing, 353 

plant growth, 58, 59, 91, 349 
planting, 350 
pollination, 349 
production, 350 
quality, 353 
seed, 100, 148, 149, 350 
treatment, 156 
soil preparation, 349 
storing. 139, 352, 353 
varieties, 349, 351. 352 

water requirements, 348 
yields, 350 
mustard, 398 
mustard family, 51 


nematodes, 158, 165, 257, 380 
New Zealand spinach, 395 
culture, 395 
harvesting, 395 
nickel, 29 
nicotine, 161 
nicotine sulphate, 161 
nicotinic acid, 22, 23 
nightshade family, 51 
nitrate of soda, 55 
nitrogen, 55 

nonlegumes, as green manures. 72 
nozzles, 123 


oats, world production, 4 
onions, 190, 192.419^30 
acreage, 421 
characteristics, 419 
classification, 48, 425, 426 
climatic requirements, 426 
cultural practices, 4 
curing, 426 
diseases, 428, 429, 430 
fertilization, 421 
tracer elements, 421 
harvesting, 426 
history, 419, 422 
insects, 428, 429, 430 
irrigation, 122, 188 
lime needs, 69 
manuring, 65-68, 420, 421 
packing, 427, 428 
plant growth, 58, 59, 91, 419, 420 
planting. 421, 422, 423 
production, 421 
propagation, 421 
seed, 148, 149, 422 
treatment, 156, 157 
shallots, 423 
soil, 420, 422, 423 
reaction, 420 
storing, 139, 419, 428 
thinning, 423 
varieties, 419, 423, 424 
weed control, 424 
yields, 421 
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ooze hose, 124 
open ditches, 122 
opportunities, 11 

orach, 398 

organic matter, 65, 74, 187 

overhead irrigation, 122 

pipe, 132 

sprinklers, 133, 134 
sprinkling, 132 
oxygen, vii, 120 
deficiency, 120 

packaging, 173, 180 

appearances, 182 
weight vs measure, 182 
Paris green, 163 
parsley, 192, 387, 388 

classification, 48 

culture, 387 
family, 51 

harvesting, 387, 388 
insects and diseases, 388 
packing, 388 
varieties, 387 
parsnip, 190, 192, 415 
boron deficiency, 61 
classification, 416 
climatic requirements, 416 
cultural practices, 415 
diseases, 416 
fertilizing, 416 
harvesting, 416 
history, 415 
insects, 416 
sowing, 415 
storing, 416 
varieties, 416 
parsnip leaf miner, 388 
peas, 190, 193 
acreage, 277, 278, 279 
characteristics, 265, 277 
classification, 46, 281 
cooling, 282 
culture, 278 
diseases, 283 
fertilizing, 61, 280 


peas— (continued) 
germination, 279 
harvesting, 281, 282 

history, 277 

inoculation, 277, 279 

insects, 282, 283 

lime requirements, 69, 280 

manuring, 65-68 

marketing, 280 

packing, 282 

picking, 281 

planting, 279, 280 

plant growth, 58, 59, 91, 265, 277 

rotation, 280, 281 

seed, 100, 148, 149 

quantity required, 280 
treatment, 279, 280 
soil, 280 

preparation, 280 
reaction, 68, 280 
storing, 139 
varieties, 281 
yields, 278, 279 

pellagra, 22 
pepper, 190, 194 
acreage, 260 
boron, 61 
characteristics, 261 
classification, 50 
climatic requirements, 83 
culture, 260 
diseases, 253, 254, 255 

harvesting, 261 
history, 260 

insects, 257 
lime requirements, 69 
plant growth, 58, 59, 91, 261 
seed, 148 
treatment, 156 
storage, 139, 261 
varieties, 260, 261 
perennial crops, 306 
personal fitness, 11 
pests, 153, 166 
ants, 158 

aphids or plant lice, 158 
control, 153, 158 
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pests— (continued) 
crows, 158, 164 
cutworms, 158 
damping-off, 156, 155, 157 
dusting, 159 
gophers, 158 
grasshoppers, 158 
insecticides, 161 
moles, 158 
nematodes, 158 
rats and mice, 158, 164 
seed-borne pests, 155 
slugs, 158 
spraying, 159 
white grubs, 158 
wire worms, 158 
ph requirements, 68, 69 
phosphorus, 23, 52 
sources, 55, 56 
photoperiodism, 80 
photosynthesis, 85 
physiological disorders, 82, 220 

pickle worm, 347 
pipe 

size, 129, 130 
steel, 129 
plant groups, 50 
bryophyta, 50 
pteridophyta, 50 
spermatophyta, 50 
thallophyta, 50 
plant growing 
care of plants, 91 
cold frames, 101 
greenhouses, 93 
hotbeds, 93 
record form, 35 
transplanting. 102 
planting table, 192, 193, 194 
plant lice, see aphid 
plant protectors, 105 
plowing under green manures, 75 
poison bran mash, 162 
pollination, by bees, see bees, pollina¬ 
tion 

Polygonaceae or buckwheat family, 

51 


popcorn 

acreage, 322, 336 
breeding, 335 
characteristics, 335 
classification, 49 
crossing, 335 
cultivation, 334, 335 
diseases, 337 
fertilizing, 335 
grading, 336 
harvesting, 335, 336 
history, 322, 334 
importance, 322 
insects, 335, 337 
manuring, 65-68 
marketing, 336 
plant growth, 91 
planting, 335 
popping, 334, 335, 336 
seed, 150 
curing, 336 
hybrid, 335 
storing, 335 
varieties, 335 
yields, 322, 336 
potash, 56 

potassium ferricyanide, 121 
potassium thiocyanate, 121 
potatoes, 193, 196-230 
acreage, 6, 197, 198 
bacterial diseases, 218 
certified seed, 203 
characteristics, 196 
classification, 48 
climatic requirements, 198 
consumption, 196 
culture, 205 
cutting, 205 
diseases, 218-225 
fertilizers, 200 
fungous diseases, 219 
harvesting, 215 
insects, 225-228 

irrigation, 206 
production, 198 
rest period, 202 
rotation, 200 
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potatoes— (continued) 
seed, 201 

seed treatment, 205 
soils, 199 
spraying, 207 
sprouting, 202 
storage, 216, 217 

straw mulch, 208 
temperature for growth, 198 
uses, 196 

value, by states, 7 
varieties, 209-215 
virus diseases, 218 
world production, 4 

yield, 197-199 
potherbs, 391, see greens 
powdery scab, 220 

power garden tractors. 111 
power used, 33 

precipitation, 16 

preparing vegetables for market, 173 
prices, 14 

commodities, 14 
received by farmers, 14 
profit sharing, 31 
protein, 23, 26, 27, 28 
pulse family, 51 
pumping 

diesel engine, 131 
electric motors, 131 
power used, 130 
pumps, 131 
pumpkins and squash 
classifications, 49, 357, 358 
climatic requirements, 83, 
crossing, 358 
cultural practices, 359 
diseases, 363 
harvesting, 363 
history, 358 
hybrids, 358 
insects, 363 
manuring 65-68 
marketing, 364 
packing, 364 

plant growth, 58, 59, 91, 358, 359 
planting, 359 


pumpkins and squash— (continued) 
pollination, 358 
quality, 363, 364 
seed, 100, 148, 149, 358, 359 
treatment, 156 
storing, 139, 364 
thinning, 359 

varieties, 358, 359, 360, 361, 362 
pyrethrum, 161 

radishes 

characteristics, 412 
classification, 46 
climatic requirements, 412 
cultural practices, 412 
diseases, 413 
fertilization, 412 
harvesting, 412, 413 
history, 412 
insects, 413 
irrigation, 122, 188 
lime needs, 69 
manuring, 65-68 
marketing, 413 
packing, 413 

plant growth, 58, 59, 91, 412 
planting, 412 
pollination, 148, 413 
seed, 148, 149, 412 
soil, 412 

storing, 139, 412 
thinning, 412 
uses, 412 
varieties, 413 
rainfall, 16 
effect, 87 
rats, 158 

red spider, 162, 274 
red squill, 158 
regular labor, 33, 34 
retail city markets, 180 

rhizobium, 73 
rhizoctonia, 219, 277 
rhubarb, 193, 314 
adaptations, 314 
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rhubarb— (continued) 
age, 315 

characteristics, 314 
classification, 48 
cultivation, 314 
diseases, 315 
fertilizing, 314 
forcing, 314, 315 
hardiness, 314 
harvesting, 314, 315 
history, 314 
insects, 316 
lime needs, 31, 69 
manuring, 65-68, 314 
marketing, 314, 315 
planting, 306 

propagation, 58, 59, 91, 314, 315 

rest period, 315 

seed, 148, 314 

seed stalks, 314 

soil, 314 

storing, 139, 315 
varieties, 314 
rice, world production, 4 
roadside markets, 197 
rock phosphate, 56 
root crops, 401 
beets, 401-406 
carrots, 401, 406-412 
parsnips, 401, 414 
radishes, 401, 412-414 
turnips, 401, 414-415 
rutabaga, 401, 414 
salsify, 401, 416, 417 
root rot, 283, 319, 380 
rotenone, 162 

rust, 277 

rutabaga, 193, 414 
boron deficiency, 61 
classification, 414 
cultural practices, 414 
marketing, 414 
varieties, 414 
rye 

home garden, 187 
organic matter, 187 


salad crops, 368 
salt, 23 

salsify, 190, 193, 416, 417 
sandy soils, 43, 56, 72 
tomatoes, 251 
scab, 344 
scab gnat, 228 
seed 

longevity, 150 
production, 10, 149 
seed drill, 111 
seeders for flats, 104 
sowing, 100, 148 
treatment, 156, 157 
selenium, 23, 29 
shallots, 430, 431 
short-day plants, 80 
silicon, 29 

silt loam soils, 53, 56, 199 
sweet corn, 326 
silver, 29 
sodium, 64 
soft rot, 240 
slugs, 158, 162, 163, 381 
smut, 334 
snap beans, 187 
sodium deficiency, 64 
soil pulverization, 102 
soils 

acidity, 54, 67, 68, 75 
composting, 73 
disinfecting, 153, 154 
drainage, 121, 122 
fertility, 56-64, *66, see fertilizers 
green manure, 72-75 
hunger symptoms, 54 
irrigation, 122-127 
liming, 60, 68, 69, 70 
manuring, 65-68 
minor elements, 23, 29, 58-64, 66 
moisture, 72 

mulching, 208 

organic matter, v, vi, 65, 72, 187 
ph, 54, 56, 60, 68, 69, 70 
potatoes, 200 
pulverization, 102 
reaction, 68 
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soils— {continued) 

selection, 17 

sterilization, 100, 153, 246 
testing, 120, 121 

Solanaceae or nightshade family, 51 
spinach, 190, 193 
acreage, 392 
characteristics, 391 
classification, 46 
climatic requirements, 391 
cultural practices, 391, 393 
diseases, 395 
fertilization, 393, 394 
harvesting, 394 
history, 391 
importance, 391 
insects, 395 

irrigation, 122, 188, 393 
lime needs, 69 
manuring, 65-68 
marketing, 394 
packing, 394 
plant growth, 58, 59, 91 
planting, 392 
production, 392 
quality, 394 
seed testing, 150, 392 
treatment, 391 
soil, 393 
reaction, 394 
storing, 139 
thinning, 392 
varieties, 394 
water requirement, 393 
yields, 392 
spotting board, 105 
spraying, 159, 160 
sprinkling, 132 

squash, 190, 193, 357, see pumpkin 
squash bug, 164, 347 
squash vine borer, 164, 347 
stalk weevil, 227 
standardizing, 171 
starting the business, 10 

climate, 17 
experience, 12 
finance, 17 


starting the business— {continued) 
labor, 17 
opportunities, 11 
personal fitness, 11 
the market, 15 
soil, 17 

when to start, 13 
where to start, 15 
steam heat for hotbeds, 96 
steam sterilization, 153 
steel pipe, 129 
stem rot, 240 

sterilization of seed bed, 96, 153 
chloropicrin, 155 
steam, 153 
formaldehyde, 155 
copper sulphate, 155 
storage, 136-152 
atmosphere, 136 
humidity, 137 
length, 139 
oxygen, 136 

quality of products, 137 
temperature, 137 
types, 140 

striped cucumber beetle, 345 
strontium, 29 
subsurface irrigation, 126 
sulphate of ammonia, 55 
sulphate of potash, ^6 
sulphur, 56, 162 
superphosphate, 56 
surface irrigation, 123 
sweet corn 

acreage, 322, 323, 324 
adaptations, 323 
breeding, 327 
characteristics, 322 
classification, 49 

climatic requirements, 83, 325, 326 
crossing, 322 
cultivating, 323, 324, 325 
diseases, 327, 334 
fertilizing, 326, 327 
harvesting, 328, 329, 330 
history, 322, 327 
hybrids, 327 
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sweet corn— (continued) 
insects, 325, 330-334 
length of growing season, 325 
lime needs, 69, 326 
manuring, 65-68 
marketing, 329 
open pollinated, 324, 328 
packing, 329 

plant growth, 58, 59, 91, 322 
planting, 323, 325 
production, 323-324 
quality, 328, 329 
seed, 148 
hybrid, 327 
quantity required, 323 
treatment, 157 
soil, 326 

preparation, 323 
reaction, 326 
storing, 139, 329 
suckering, 324, 325 
thinning, 324 
varieties, 323, 327, 328 
water requirements, 325 
weed control, 325 
yields. 323, 324 

sweet potato 
acreage, 6 

classification, 50, 235 

climatic requirements, 83, 221 

cultivation. 233 

curing, 238 

cutting, 232, 233 

diseases, 238 

fertilizing. 234, 241 

hardiness, 238 

harvesting. 234 

history and importance, 231 

insects, 239 

lime needs, 69 

manuring. 65. 68, 234 

marketing, 238 

plant characteristics. 231 

plant growth, 58, 59, 91, 232, 233 

planting, 233, 234 

propagation, 231 

pruning, 234 


sweet potato— (continued) 
ridging, 234 
seed, 148 

soil preparation, 233 
storage, 139, 238 
value, 7 
varieties, 234 
yields, 232 

sweet potato weevil, 240 

Swiss chard, 190, 192, 396, see chard 

synthetic manure, 67 

tampala, 398, 399 
tarnish plant bug, 381 
tellurium, 29 
temperature, 137-139 
effect of law, 84 
pigment formation, 85 
storage chart, 138 
storing vegetables, 137 
vegetables, 92 

temperature vs flower production, 81, 

85 

thallium, 29 
thiamine, 22 
thrips, 274 
tile, 122 
tip burn, 374 
tin, 29 
titanium, 29 
tomato 
acreage, 245 
artificial ripening, 253 
blotchy ripening, 87 
characteristics, 244 
classification, 50 
climatic requirements, 83 
coloring, 85, 86 
cultural practices, 246 
diseases, 252-256 
fertilizers, 251 
grading, 253 
harvesting, 252 
history, 244 
importance, 244 
insects, 257 
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tomato— (continued) 
lime needs, 69 
irrigation, 122, 188 
manuring, 65-68, 151 
packing, 253 

plant growth, 58, 59, 86, 91, 244, 
246 

planting, 246, 248 
pruning, 248 
rainfall, 87 
seed, 100, 149, 246 
treatment, 157 
soil adaptations, 251 
soil preparation, 247 
staking, 248 
statistics, 245 
storing, 139, 253 
varieties, 257 
yields, 245 

tomato foliage disease, 253 
tomato horn worm, 164 
tracer elements 
aluminum, 59 
boron, 61 
calcium, 58 
copper, 59 

deficiency symptoms, 66 
iron, 60 

magnesium, 60, 121 
manganese, 60, 121 
sodium, 64 
zinc, 61 
tractors, 114 
attachments, 114 
transplanting 
containers, 102 
plant protectors, 105 
soil pulverization, 102 
watering, 102 
treble phosphate, 56 
truck gardening, 8 
turnips, 193 
classification, 414 
climatic requirements, 414 
culture, 414 
diseases, 414 
fertilizing, 414 


turnips— (continued) 
harvesting, 414 
insects, 414 
planting, 414 
storage, 414, 415 
thinning, 414 
varieties, 414 
weed control, 414 
types of storage 

basement storage, 142 
common storage house, 141 
freezing storage, 142 
pit storage, 140 

Umbelliferae or parsley family, 51 
urea, 5 

value of vegetables, 21 
vanadium, 29 
vegetable classification, 45 

cool-season crops, 45-48, 82, 83, 92 
warm-season crops, 48-50, 91, 101 
vegetable families 
Gramineae, 50 , 

sweet and popcorn, 50 
Lilaceae, 50 
vegetables 
acreage, 4, 5 
acreage by states, 6 
definition, 3 
food chart, 189 
food value, 21 
forcing, 9 
importance, 3 
marketing, 167 
preservation, 136 

storage, 136-152 
value, 4, 5, 6 

ventilation of hotbeds, 92 
virus diseases, 218, 255, 284 
vitamins, 21, 22, 23, 24, 25 
content in vegetables, 24, 25 
sources, 21 
vitamin A, 21 
vitamin B, B^, 21 
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vitamins— (continued) 
vitamin C, 21 
vitamin, D, 21 


warm-season crops, 91, 92 
warm-season vegetables, 186 
water content of vegetables, 26, 27 
water dams, 127 
watering, 102 
water source, 127 
watermelons 
acreage, 353, 355 
characteristics, 354 
classification, 49 
climatic requirements, 83, 355 
crossing, 339, 353, 355, 358 
cultural practices, 354 
diseases, 356, 357 
fertilizing, 354, 355 
har\'esting, 356 
history, 353 
insects, 356, 357 
lime needfe, 69 
manuring, 65-68, 354, 355 
marketing, 356 
packing, 356 

plant growth, 58, 59, 91, 354 
planting, 354 
pollination, 148, 354 


watermelons— (continued) 
production, 355 
quality, 356 
seed, 100, 148, 149, 354 
soil, 355 
storing, 139 
varieties, 354, 355 
water requirements, 354 
weeding, 354 
yields, 355 
weevil, bean, 274 
pea, 282 

wheat, world production, 4 

wheel hoe, 110 

white grub, 158, 227 

white rust, 319 

wholesale markets, 180 

wholesale price of commodities, 14 

wilt, 220, 259 

wind velocity, 88 

wire worm, 158, 160, 165, 227 

work for slack seasons, 32 


yellows, 292, 395 

yield of vegetables, 192-194 

zinc, 23, 29, 61 
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